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Much e f f o r t  h a s  b e e n  e x p e n d e d  in r e c e n t  y e a r s  t o  e s t a b l i s h  
e n e r g e t i c  and  s t e r e o c h e m i c a l  r e l a t i o n s  o f  a l i c y c l i c  r i n g s  and  t h e i r  
s u b s t i t u t e d  d e r i v a t i v e s ,  in t h e  l a s t  d e c a d e  l a r g e  n u m b e r s  o f  p a p e r s  
on t h i s  s u b j e c t  h a v e  b e e n  p u b l i s h e d .  A d v a n c e s  in t h e  t h e o r e t i c a l  
t r e a t m e n t  and  in t e c h n o l o g i c a l  m e t h o d s  w h i c h  a l l o w  t h e  m e a s u r e m e n t  o f  
p h y s i c a l  a nd  c h e m i c a l  p r o p e r t i e s  o f  t h e s e  s y s t e m s  and t h e  i m p o r t a n c e  
o f  many n a t u r a  I I y o c c u r r i n g  a l i c y c l i c  s y s t e m s  h a v e  p r o v i d e d  a d r i v i n g  
f o r c e  f o r  t h e s e  s t u d i e s .  Th e  p r e s e n t  wor k  i s  i n t e n d e d  t o  a m p l i f y  t h e  
u n d e r s t a n d i n g  o f  b a s e  c a t a l y z e d  e p i m e r i z a t i o n s  o f  s e l e c t e d  d i e s t e r s  
o f  a l i c y c l i c  r i n g s ,  e s p e c i a l l y  w i t h  r e s p e c t  t o  r i n g  s t r a i n  a nd  s u b ­
s t i t u e n t  e f f e c t s .
The  a n o m a l o u s  b e h a v i o r  o f  a l i c y c l i c  r i n g s  l e d  B a e y e r  t o  p r o p o s e  
h i s  c l a s s i c a l  ’’s t r a i n  t h e o r y . ”  ̂ H i s  c a l c u l a t i o n s  o f  bond  a n g l e s ,  
b a s e d  on s i m p l e  g e o m e t r y ,  a s s u me d  t h e  p l a n a r i t y  o f  t h e  a l i c y c l i c  r i n g s .  
He p o s t u l a t e d  t h a t  d e v i a t i o n  o f  bond  a n g l e s  f r o m t e t r a h e d r a l  v a l u e  
o f  109°  28^ w o u l d  i n t r o d u c e  s t r a i n  in t h e  s y s t e m ,  ( f r e q u e n t l y  c a l l e d  
a n g l e  s t r a i n )  a n d  was  a b l e  t o  a c c o u n t  f o r  many p r o p e r t i e s  o f  t h e s e  
s y s t e m s  w i t h  t h i s  a p p r o a c h .
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H o w e v e r ,  t h e  B a e y e r  t h e o r y  f a i l e d  t o  e x p l a i n  o t h e r  d a t a ,  e . g . ,  
h e a t s  o f  c o m b u s t i o n ,  w h i c h  showed  c y c l o h e x a n e  t o  h a v e  no s i g n i f i c a n t  
d e v i a t i o n  f r om t h e  v a l u e  c a l c u l a t e d  w i t h  t h e  a s s u m p t i o n  t h a t  t h e r e  was  
no s t r a i n  in t h e  s y s t e m .
In 1890  S a c h s e  p r o p o s e d  t wo p u c k e r e d  s t r u c t u r e s  f o r  c y c l o h e x a n e  
( a  c h a i r  a nd  a b o a t  f o r m)  in w h i c h  a l l  a n g l e s  w e r e  t e t r a h e d r a l  a n d  no 
s t r a i n  e x i s t e d . ( F i g .  1)
B o a t  f o r m C h a i r  f o r m
F i g u r e  1 .  The  b o a t  a n d  c h a i r  f o r m s  o f  c y c l o h e x a n e .
T h e s e  s t r u c t u r e s  d i d  a c c o u n t  f o r  d a t a  s u c h  a s  t h e  h e a t s  o f  c o m b u s t i o n .  
L a r g e l y  b e c a u s e  o f  t h e  p r e e m i n e n c e  o f  t h e  B a e y e r  t h e o r y ,  S a c h s e ’ s 
i d e a s  w e r e  n o t  g e n e r a l l y  a c c e p t e d  f o r  many y e a r s .  The  p r o p o s e d  s t r u c ­
t u r e s  w e r e  r e v i v e d  when Mo h r ^  p r e d i c t e d  t h e  c i s - t r a n s  i s o m e r i s m  o f
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d e c a l  i n ,  and  t h i s  was  e x p e r i m e n t a l l y  v e r i f i e d  by W. H u c k e l .
A l t h o u g h  t h e r e  i s  no a n g l e  s t r a i n  in t h e  b o a t  f o r m ,  t h e r e  a r e  
bond o p p o s i t i o n  s t r a i n s ,  s i m i l a r  t o  t h o s e  in an e c l i p s e d  e t h a n e  
s t r u c t u r e  and 1 , 4 - h y d r o g e n  i n t e r a c t i o n s  c a u s e d  by t h e  c l o s e  a p p r o a c h  
o f  t h e s e  t wo h y d r o g e n s .  H o w e v e r ,  t h e  b o a t  f o r m i s  n o t  r i g i d  and  some 
o f  t h e  i n t e r a c t i o n s  may be  d e c r e a s e d  by c o n v e r s i o n  i n t o  a m o b i l e  f o r m 
c a l l e d  a s k e w - b o a t .  D e s p i t e  t h i s  r e l i e f  o f  i n t e r a c t i o n s ,  t h e  c h a i r  f o r m 
i s  mo r e  s t a b l e  t h a n  t h e  b o a t  f o r m ( a t  2 5 ° )  by 4  k c a l / m o l e . G ^ ' b , c , l 2
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S a c h s e ’ s  s t r u c t u r e s  f u r t h e r  p r e d i c t e d  t wo  t y p e s  o f  b o n d s  f o r  
t h e  c y c l o h e x a n e  s y s t e m ,  now known a s  a x i a l  a n d  e q u a t o r i a l .  A s u b s t i ­
t u e n t  in an  a x i a l  p o s i t i o n  s u f f e r s  1 , 3 - d i a x i a l  h y d r o g e n  i n t e r a c t i o n s ,  
a s  w e l l  a s  t wo  g a u c h e  b u t a n e  i n t e r a c t i o n s ,  and  i n  t h e  a b s e n c e  o f  o t h e r  
s t a b i l i z i n g  f a c t o r s ,  t h e  m o s t  s t a b l e  a r r a n g e m e n t  o f  a s i n g l e  s u b s t i t u e n t  
w i l l  be an  e q u a t o r i a l  p o s i t i o n .  E q u a t o r i a l  m e t h y c y c I o h e x a n e  i s  p r e ­
f e r r e d  o v e r  a x i a l  by 1 . 8  k c a l / m o l e . ^
Th e  s i t u a t i o n  b e c o me s  mo r e  c o m p l e x  when o n e  c o n s i d e r s  
d i s u b s t i t u t e d  e y e  I o h e x a n e s . Th e  1 , 2 - ,  1 , 3 - ,  a n d  1 , 4 - d i s u b s t i t u t e d  
c y c l o h e x a n e s  may e x i s t  i n  two g e o m e t r i c  f o r m s .  T r a n s - 1 , 2 - d  i m e t h y I  -  
c y c l o h e x a n e  i s  r e a d i l y  i n t e r c o n v e r t i b l e  f r o m t h e  d i a x i a l  t o  t h e  
d i e q u a t o r i a l  c o n f o r m a t i o n .  Th e  d i a x i a l  f o r m h a s  f o u r  g a u c h e  b u t a n e  
i n t e r a c t i o n s  a nd  t h e  d i e q u a t o r i a  1, o n l y  o n e .  T h u s ,  t h e  d i a x i a l  f o r m i s  
l e s s  s t a b l e  by 2 . 7  k c a l / m o l e .  C i s - 1 , 2 - d  i m e t h y 1c y c l o h e x a n e  mu s t  h a v e  one  
s u b s t i t u t e n t  a x i a l  a n d  o n e  e q u a t o r i a l .  T h e r e f o r e  t h e  two c o n f o r m e r a  a r e  
o f  e q u a l  e n e r g y  and  h a l f  t h e  m o l e c u l e s  e x i s t  in one  a n d  h a l f  in t h e  
o t h e r .  T h r e e  g a u c h e  b u t a n e  i n t e r a c t i o n s  a r e  p r e s e n t  in c_i_s-l , 2 -  
d i m e t h y l  c y c l o h e x a n e  m a k i n g  i t  1 . 8  k c a l / m o l e  l e s s  s t a b l e  t h a n  t h e  
d i e q u a t o r i a l  t r a n s  i s o m e r . I n  1 , 3 - d i m e t h y l c y c l o h e x a n e  t h e  d i -  
e q u a t o r i a l  c i s  i s o m e r  i s  mo r e  s t a b l e  t h a n  t h e  t r a n s  by 1 . 8  k c a l / m o l e ; ^  
and  f o r  1 , 4 - d i m e t h y l c y c l o h e x a n e  t h e  d i e q u a t o r i a l  t r a n s  i s  p r e f e r r e d  by 
1 . 8  k c a l / m o l e . 9
T h e  i n t r o d u c t i o n  o f  a d o u b l e  bond i n t o  a c y c l o h e x a n e  r i n g  
a l t e r s  t h e  c o n f i g u r a t i o n  f r o m t h a t  o f  t h e  n o r ma l  c h a i r .  The  h y d r o g e n s  
o f  a t o m s  4  and  5 o c c u p y  n o r ma l  a x i a l  and  e q u a t o r i a l  p o s i t i o n s ,  b u t  t h o s e
F i g u r e  2 .  T h e  p s e u d o c h a i r  o f  c y c l o h e x e n e .
o f  a t o m s  3  and 6 a r e  i m p e r f e c t l y  s t a g g e r e d  a n d  t e r m e d  p s e u d o e q u a t o r i a  I 
and  p s e u d o a x i a l .  The  e n e r g y  b a r r i e r  b e t w e e n  t h e  " h a l f - c h a i r "  f o r m and 
t h e  b o a t  f o r m h a s  b e e n  c a l c u l a t e d  t o  be 2 . 7  k c a l / m o l e . 10 Th e  c i s - 4 , 5 -  
d i m e t h y I c y c I o h e x a n e  compound  may o n l y  e x i s t  in t h e  a x i a l - e q u a t o r i a l  
c o n f i g u r a t i o n  b u t  t h e  t r a n s  i s o m e r  c a n  e x i s t  i n  t wo c o n f o r m a t i o n s .  Two o f  
t h e  1 , 3 - d i a x i a l  i n t e r a c t i o n s  a r e  r e mo v e d  i n  t h i s  s y s t e m  a n d  t h e  d i a x i a l  
c o n f o r m e r  i s  s t a b i l i z e d  w i t h  r e s p e c t  t o  t h e  d i e q u a t o r i a l .  Th e  d i e q u a ­
t o r i a l  c o n f o r m e r  i s  s t i l l  p r e f e r r e d  o v e r  t h e  t r a n s  by 1 . 1  k c a l / m o l e .
C y c I o h e p t a n e ,  in a n a l o g y  t o  c y c l o h e x a n e ,  h a s  b e e n  p o s t u l a t e d
t o  e x i s t  in t wo  f o r m s :  a p s e u d o b o a t  and  a p s e u d o c h a i r . 12 H o w e v e r ,
l a  3 a




P s e u d o b o a t
F i g u r e  3 .  The  p s e u d o c h a i r  and p s e u d o b o a t  f o r m s  o f  
c y c  I o h e p t a n e .
5
b o t h  o f  t h e s e  f o r m s  ( u n l i k e  t h o s e  o f  c y c l o h e x a n e )  a r e  m o b i l e  and 
b o t h  e x i s t  in a ’’t w i s t ”  c o n f i g u r a t i o n  t o  d e c r e a s e  3 , 6 - d i h y d r o g e n  
i n t e r a c t i o n s .  The  bond  a n g l e s ,  e s p e c i a l l y  t h e  4 , 5 - b o n d  a n g l e s ,  a r e
3 a
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’’t w i s t ”  c h a i r  ’’t w i s t ”  b o a t
F i g u r e  4 .  ”T w i s t ” f o r ms  o f  c h a i r  and  b o a t  c y c I o h e p t a n e .
d i s t o r t e d  s ome wha t  t o  a s s i s t  in t h i s  r e mo v a l  o f  s t r a i n .  Th e  t w i s t  
b o a t  i s  l e s s  f a v o r a b l e  t h a n  t h e  t w i s t  c h a i r  by 2 . 1 6  k c a l / m o l e .  In 
c o n t r a s t  t o  t h e  c y c l o h e x a n e  c a s e  t h e r e  a r e  s e v e n  p o s i t i o n s  in e a c h  
t w i s t  f o r m a nd  e i g h t  e a c h  in t h e  c h a i r  and  b o a t  f o r m .
A m o n o s u b s t i t u t e d  c y c l o h e p t a n e  wi l l  e x i s t  p r e f e r e n t i a l l y  w i t h  
t h e  s u b s t i t u e n t  in a t w i s t  c h a i r  in t h e  2 e ,  3 e ,  o r  4 e  p o s i t i o n ,  w h i c h  
a r e  o f  s i m i l a r  e n e r g i e s .  I s o l a t i o n  o f  t h e  c o n f o r m e r a  o f  c y c I o h e p t a n e s  
wi l l  l i k e l y  be d i f f i c u l t ,  a s  t h e y  a r e  a l l  i n t e r c o n v e r t i b l e  by a com­
b i n a t i o n  o f  p s e u d o r o t a t i o n s  a nd  f l i p p i n g ,  a s  o n l y  a s m a l l  e n e r g y  
b a r r i e r  e x i s t  b e t w e e n  c o n f o r m é e s .
F o r  1 , 2 - d i s u b s t i t u t e d  c y c I o h e p t a n e s  one  c a n  d i s t i n g u i s h  two 
c i s  and  t wo t r a n s  c o n f o r m e r a .  W i t h  2 , 3 - s u b s t i t u t i o n  t h e  two c i s  
f o r ms  ( 2 e - 3 a )  a n d  ( 2 a - 3 e )  a r e  d i f f e r e n t ,  a s  a r e  t h e  t r a n s  f o r ms  
( 2 e - 3 e )  and  ( 2 a - 3 a ) .  Bo t h  t h e  c i s  and t r a n s  c o n f o r m e r a  a r e  r e a d i l y  
i n t e r c o n v e r t i b l e .  Th e  c i s  d i h e d r a l  a n g l e s  v a r y  f r om 0 t o  9 7 * ,  a n d  t h e  
t r a n s  f r om 23 t o  2 1 7 ° .
In c y c l o p e n t a n e  t h e  d e v i a t i o n s  f r om t e t r a h e d r a l  a n g l e s  wo u l d  be 
v e r y  s m a l l  d i d  n o t  e c l i p s i n g  b e t w e e n  a d j a c e n t  h y d r o g e n  a t o m s  f o r c e  c y c l o ­
p e n t a n e  t o  a s s u m e  a p u c k e r e d  f o r m .  T h e  c o n f i g u r a t i o n  o f  c y c l o p e n t a n e  
i s  n o t  f i x e d  b u t  t h e  p u c k e r i n g  mo v e s  a r o u n d  t h e  r i n g .  T h i s  i s  c a l l e d  
p s e u d o r o t a t  i o n . 1 3
E n v e l o p e  \ \  H a l f  c h a i r
F i g u r e  5 .  Two p u c k e r e d  f o r m s  o f  c y c l o p e n t a n e .
In s u b s t i t u t e d  c y c I o p e n t a n e s  t h e s e  c h a n g e s  o f t e n  i n v o l v e  
s u f f i c i e n t  e n e r g y  d i f f e r e n c e s  s o  t h a t  one  f o r m  o r  t h e  o t h e r  w i l l  h a v e  
g r e a t e r  s t a b i l i t y .  M e t h y l  c y c l o p e n t a n e  e x i s t s  in an  e n v e l o p e  f o r m 
w i t h  t h e  m e t h y l  in a p s e u d o a x i a l  p o s i t i o n .  T h i s  f o r m h a s  b e e n  c a l c u ­
l a t e d  t o  be t h e  mo s t  s t a b l e  f o r m  by 0 . 9  k c a l / m o I M a n y
F i g u r e  6 .  M e t h y c y c l o p e n t a n e .
c y c l o b u t a n e s  a r e  n o n p l a n a r .  The  c y c l o b u t a n e  r i n g  i s  " b u t t e r f l i e d "  t o  
r e move  s t r a i n s  b e t w e e n  t h e  1 , 3 - c a r b o n  a t o m s  a n d  e c l i p s e d  h y d r o g e n  a t o m s ,  
e v e n  t h o u g h  t h i s  i n c r e a s e s  a n g l e  s t r a i n .
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C y c l o p r o p a n e s  m u s t  be  p l a n a r .  C y c l o p r o p y l  h y d r o g e n s  a r e  
l a r g e l y  e c l i p s e d ,  o n l y  f u r t h e r  a n g l e  d i s t o r t i o n  c a n  e a s e  bond  o p p o s i -  
t  i o n s  h e r e .
T h e  r e l a t i o n s  b e t w e e n  c o n f o r m a t i o n ,  s t e r i c  f a c t o r s ,  and  
c h e m i c a l  r e a c t i v i t y  h a v e  l o n g  p o s e d  p r o b l e m s  o f  t h e o r e t i c a l  i n t e r e s t s .  
B a r t o n  p o i n t e d  o u t  t h e  d i f f e r e n c e  i n  r e a c t i v i t i e s  o f  s u b s t i t u e n t s  in 
a x i a l  a n d  in e q u a t o r i a l  p o s i t i o n s . S u b s t i t u e n t s  i n  an  a x i a l  p o s i ­
t i o n  a r e  mo r e  c r o w d e d  ( s t e r i c  i n t e r a c t i o n s )  t h a n  in t h e  c o r r e s p o n d i n g  
e q u a t o r i a l  c o n f o r m e r s ,  a n d  t h i s  i s  a p r i n c i p a l  f a c t o r  c o n t r o l l i n g  t h e i r  
r e a c t i v i t i e s .  R e a c t i o n s  w h i c h  p r o c e e d  w i t h  a r e l i e f  o f  s t r a i n  a r e  
g e n e r a l l y  f a c i l i t a t e d  a n d  t h o s e  w i t h  t r a n s i t i o n  s t a t e s  i n v o l v i n g  
i n c r e a s e s  in s t r a i n s  a r e  h i n d e r e d .
E s t e r s  o f  c y c l o h e x a n o l  s a p o n i f y  mo r e  s l o w l y  t h a n  t h o s e  o f  
c y c I o h e x a n e c a r b o x y I i c  a c i d s .  In b o t h  c a s e s  a d i s c r e t e  i n t e r m e d i a t e  i s  
i n v o l v e d ,  w h i c h  n e c e s s i t a t e s  a  c h a n g e  f r o m  t r i g o n a l  t o  t e t r a h e d r a l  
b o n d i n g ,  w i t h  a c o n c u r r e n t  i n c r e a s e  in c r o w d i n g .  In t h e  c y c l o h e x a n o l  
e s t e r s  t h e  c r o w d i n g  o c c u r s  f a r t h e r  away f r o m t h e  c y c l o h e x a n e  r i n g  and  
c a u s e s  l e s s  c r o w d i n g  i n  t h e  i n t e r m e d i a t e  s t a t e .
T r a n s - 4 - t - b u t y I c y c I o h e x y I  a c e t a t e  ( a c e t a t e  e q u a t o r i a l )  
s a p o n i f i e s  s e v e n  t i m e s  m o r e  r a p i d l y  t h a n  t h e  c o r r e s p o n d i n g  c i s - 4 - t -  
b u t y l c y c l o h c x y I  d e r i v a t i v e  ( a c e t a t e  a x i a l ) .  The  mo r e  c r o w d e d  a x i a l  
i s o m e r  r e a c t s  m o r e  s l o w l y  t h a n  t h e  e q u a t o r i a l .
In c a s e s  w h e r e  a common i n t e r m e d i a t e  i s  f o r me d  t h e  d i f f e r e n c e  
i n  r e a c t i v i t y  b e c o me s  t h e  d i f f e r e n c e  b e t w e e n  t h e  f r e e  e n e r g i e s  o f  t h e  
t wo  g r o u n d  s t a t e s .  E x a m p l e s  o f  t h i s  t y p e  a r e  t h e  e l i m i n a t i o n  o f  c i s
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a n d  t r a n s - 4 - t - b u t y I c y c I o h e x y I  t o s y l a t e s ,  o f  w h i c h  t h e  l e s s  s t a b l e  c i s 
i s o m e r  r e a c t s  mo r e  r a p i d  I
As m e n t i o n e d  p r e v i o u s l y ,  many r e a c t i o n s  i n v o l v e  t h e  c h a n g e  in 
t h e  t r a n s i t i o n  s t a t e  a t  t h e  r e a c t i o n  s i t e  f r o m  t r i g o n a l  t o  t e t r a h e d r a l  
h y b r i d i z a t i o n  o r  v i c e  v e r s a .  D i s p l a c e m e n t  r e a c t i o n s  o f  t h e  S|\j1 and  5 ^ 2  
t y p e s  a r e  common e x a m p l e s  o f  t h i s  e f f e c t .  H.  C.  Brown h a s  p o i n t e d  o u t  
t h a t  i f  e i t h e r  o f  t h e s e  c h a n g e s  o c c u r s  w i t h  a c o n c o m i t a n t  d e c r e a s e  in 
s t r a i n ,  t h e  c h a n g e  s h o u l d  be f a c i l i t a t e d ;  b u t  i f  an  i n c r e a s e  in s t r a i n  
i s  e n c o u n t e r e d ,  t h e  r e a c t i o n  i s  hi  n d e r e d . ^ ® ^ ’ *̂
E l i  e l  i s  c a r e f u l  t o  n o t e  t h a t  t h i s  i s  a l w a y s  p r o v i d e d  t h e r e  
a r e  n o t  o t h e r  e f f e c t s  o f  a s t e r i c  o r  p o l a r  n a t u r e  mor e  i m p o r t a n t  t h a n  
t h e  a b o v e  e f f e c t . C h a n g e s  in a n g l e  s t r a i n ,  bond  o p p o s i t i o n  s t r a i n  
a nd  t r a n s a n n u l a r  s t r a i n  may o c c u r  s i m u l t a n e o u s l y  w i t h  c h a n g e s  in 
h y b r i  di  z a t  i o n .
Th e  e f f e c t  o f  r i n g  s i z e  in r e a c t i o n s  o f  v a r i o u s  t y p e s  h a s  b e e n  
t h e  s u b j e c t  o f  many s t u d i e s .  In s m a l l  r i n g s  ( 3 , 4 )  t h e  p r i n c i p a l  r a t e  
d e t e r m i n i n g  f a c t o r  i s  a n g u l a r  s t r a i n .  In n o r ma l  r i n g s  ( 5 , 6 , 7 )  bond 
o p p o s i t i o n  s t r a i n s  p l a y  a l a r g e  r o l e  b u t  a n g u l a r  s t r a i n  i s  s t i l l  
i m p o r t a n t .  In s e v e n  me mb e r e d  r i n g s  t r a n s a n n u l a r  e f f e c t s  become a 
f a c t o r  t o  be c o n s i d e r e d .
Many s o  I v o l y s i s  r e a c t i o n s  i n v o l v e  a c h a n g e  f r o m t e t r a h e d r a l  
t o  t r i g o n a l  b o n d i n g  a s  d i s c u s s e d  p r e v i o u s l y .  S o l v o l y s e s  o f  c y c I o a I k y  I 
t o s y l a t e s ,  b r o s y l a t e s ,  and  h a l i d e s  show s i m i l a r  t r e n d s  o f  r e a c t i v i t y .  
T h e  r a t e  o f  s o l v o l y s i s  v i a  an Sjgl ( o r  5 ^ 2 )  m e c h a n i s m  s h o u l d  be  s l o w  
f o r  s u b s t i t u t e d  c y c l o p r o p a n e s  a s  t h i s  r e a c t i o n  i n v o l v e s  c h a n g e  f r o m 
an a l r e a d y  d i s t o r t e d  t e t r a h e d r a l  a n g l e  (60®) t o  a t r i g o n a l  a n g l e
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(120®)  w h i c h  i n t r o d u c e s  e v e n  mo r e  s t r a i n  i n t o  t h e  r i n g .
Th e  s o l v o l y s e s  o f  c y c l o b u t y l  e s t e r s  and  h a l i d e s  s h o u l d  a l s o  
be  a r a t h e r  s l o w  r e a c t i o n ,  by t h e  s ame a s s u m p t i o n s .  H o w e v e r ,  a t  l e a s t  
in t h e  c a s e  o f  t h e  t o s y l a t e ,  an i on i n t e r v e n e s  w h i c h  i s  mo r e  s t a b l e
t h a n  t h e  e x p e c t e d  c y c l o b u t y l  c a r b o n i u m  i on  a n d  t h e s e  s o l v o l y s e s  a r e
• 20 v e r y  r a p i d .
In c y c l o p e n t a n e  s y s t e m s  s o l v o l y s e s  i n v o l v i n g  a t r i g o n a l  
c a r b o n i u m  i on  a r e  f a c i l i t a t e d  by t h e  r e l i e f  o f  bond  e c l i p s i n g ,  ( a p p r o x i ­
m a t e l y  4  k c a l / m o l e . )  T h u s  t h e  s o l v o l y s i s  o f  c y c l o p e n t y l  t o s y l a t e  i s  
r a p i d . 20  T h i s  r e l i e f  o f  bond o p p o s i t i o n  s t r a i n s  i s  e n o u g h  t o  e a s i l y  
o f f s e t  t h e  c h a n g e  f r o m a t e t r a h e d r a l  t o  a t r i g o n a l  c o n f i g u r a t i o n .
S i m i l a r  c o n s i d e r a t i o n s  a p p l y  t o  t h e  c y c l o h e p t y l  s y s t e m ,  w h i c h  
c o n t a i n s  many bon d  o p p o s i t i o n s  and  t h e  s o l v o l y s e s  o f  c y c l o h e p t y l  e s t e r s  
a r e  a l s o  r a p i d .
In c y c l o h e x a n e  s y s t e m s ,  h o w e v e r ,  t h e  g r o u n d  s t a t e  h a s  no a n g l e  
s t r a i n s  and no bond  o p p o s i t i o n  s t r a i n s .  Any a t t e m p t  t o  c h a n g e  t h e  
h y b r i d i z a t i o n  o f  a r i n g  a t o m i s  r e s i s t e d  a s  i t  i n c r e a s e s  e c l i p s i n g s  
( a n d  i n t r o d u c e s  some a n g u l a r  s t r a i n ,  a l t h o u g h  in t h i s  c a s e  a n g l e  s t r a i n  
i s  p r o b a b l y  a m i n o r  f a c t o r ) .
P l o t s  o f  r a t e  c o n s t a n t s .  F i g .  7 ,  8 ,  1 0 ,  ( o r  e q u i l i b r i u m  c o n s t a n t  
F i g .  9)  f o r  s e v e r a l  r e a c t i o n s  v e r s u s  t h e  n u mb e r  o f  r i n g  a t o m s  i l l u s t r a t e  
some e f f e c t s  o f  r i n g  s i z e  on r e a c t i v i t y .
O t h e r  i n f l u e n c e s  o f  r e a c t i v i t y  w h i c h  a r e  n o t  o b s e r v a b l e  f r o m 
t h e  p l o t s  may be  s e e n  f o r  f i v e ,  s i x ,  and  s e v e n  r i n g  c o mpounds  in some 
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F i g u r e  7 .  S o l v o l y s e s  o f  c y c I o a I k y  I t o s y l a t e s  in 
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F i g u r e  8 .  The  5 ^ 2  d i s p l a c e m e n t  o f  c y c l o a l k y l  b r o m i d e s  











F i g u r e  9 .  T h e  r e l a t i v e  e q u i l i b r i u m  c o n s t a n t  f o r  2 2  







R i n g  At oms
F i g u r e  1 0 .  T h e  s o l v o l y s i s  o f  1~ c h I o r o - 1 - m e t h y 1c y c l o a i k a n e s  
in 8 0 ^  e t h a n o l  a t  2 5 ° . 2 3
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T h e  c y c l i z a t i o n  o f  t h e  N - t h I o b e n z o y I  d e r i v a t i v e s  o f  c i s  and  
t r a n s - 2 - a m i n o c y c l  oa i k a n o I s  and  2 - b e n z a m i d o c y c l o a I k a n e  m e t h a n e  -  
s u l f o n a t e s  h a v e  b e e n  s t u d i e d  by s e v e r a l  Cz e c h  w o r k e r s . ^ ^ ' ^ ^
T h e  f i r s t  o f  t h e s e  r e a c t i o n s  i n v o l v e s  a l m o s t  c o m p l e t e  r e t e n t i o n  
o f  c o n f i g u r a t i o n ,  t h e  l a t t e r  a l m o s t  c o m p l e t e  i n v e r s i o n .
P l o t s  o f  t h e  r a t e  c o n s t a n t s  v e r s u s  r i n g  s i z e  i l l u s t r a t e  t h e  
d e p e n d e n c e  on c o n f i g u r a t i o n .  F o r  t h e  f i r s t  s e r i e s  o f  r e a c t i o n s  ( F i g .  
n) t h e  c i s  c y c l o p e n t a n e  i s o m e r  m u s t  h a v e  a g r o u n d  s t a t e  o r i e n t a t i o n  
s i m i l a r  t o  t h e  r e q u i r e m e n t s  in t h e  g r o u n d  s t a t e .  A g a i n  c y c l o h e x a n e s  a r e  
s e e n
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t o  r e s i s t  a n y  c h a n g e  f r om t h e  p e r f e c t l y  s t a g g e r e d  g r o u n d  s t a t e .  The  
c y c I i z a t i o n  o f  t h e  t r a n s  s y s t e m s  i n v o l v e s  an i n c r e a s e  in r i n g  p u c k e r ­
i n g  w i t h  a c o n c o m i t a n t  i n c r e a s e  in 1 , 3 - i n t e r a c t i o n s ,  w h e r e a s  t h e  c i s  
e n c o u n t e r s  o n l y  r i n g  f l a t t e n i n g ,  and t h e  r a t i o  o f  k ^ r a n s  /  *<cis ' s 
i n c r e a s e d .
In c y c I o h e p t a n e s  t h e  e c l i p s i n g s  p r o d u c e d  a r e  a p p a r e n t l y  
n e g l i g i b l e  in c o m p a r i s o n  t o  t h o s e  a l r e a d y  p r e s e n t ,  and  t h e  mo r e  m o b i l e  
s y s t e m  o f  b o t h  c i s  and t r a n s  r e a c t s  mo r e  r a p i d l y .
In t h e  s e c o n d  s e r i e s  o f  r e a c t i o n s  ( F i g .  12)  t h e  t r e n d  i s  r e v e r s e d ,  
t h e  t r a n s  c o mp o u n d s  r e a c t  mo r e  r a p i d l y  t h a n  t h e  c o r r e s p o n d i n g  c i  s . The  





R i n g  S i z e
F i g u r e  11 .  The  e f f e c t  o f  r i n g  s i z e  upon  t h e  r a t e  o f
c y c I i z a t i o n  o f  t h e  N - t h i o b e n z o y I  d e r i v a t i v e s  
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F i g u r e  12 .  T h e  e f f e c t  o f  r i n g  s i z e  on t h e  r a t e  o f
c y c I i z a t i o n  o f  c i s  a n d  t r a n s - 2 - b e n z a m i do-  
c y c l o a l k a n e  m e t h a n e s u I f o n a t e s .
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T h i s  a r r a n g e m e n t  i s  e n e r g e t i c a l l y  u n f a v o r a b l e  i n  t h e  c i s -  
c y c l o p e n t a n e  and  c y c l o h e x a n e  c a s e s  a n d  t h e s e  c o mp o u n d s  f a i l  t o  r e a c t  
a t  a l l .  The  r a t i o  o f  t h e  r a t e s  o f  t h e  c y c I o h e p t a n e s  i s  6 2 0 0  i n d i ­
c a t i n g  some d e g r e e  o f  f l e x i b i l i t y  in t h i s  s y s t e m .
The  c o n f i g u r a t i o n  o f  c y c I o h e x a n e d i c a r b o x y l a t e ,  c y c l o h e p t a n e -  
d i c a r b o x y l a t e  and  c y c i o p e n t a n e d i c a r b o x y l  a t e  e s t e r s  g r e a t l y  a f f e c t s  t h e  
r a t e  o f  b o t h  a c i d  and b a s e  c a t a l y z e d  h y d r o l y s i s .  In a c i d  c a t a l y z e d  
h y d r o l y s i s  t h e  p r i n c i p a l  e f f e c t  i s  s t e r i c .  In b a s i c  h y d r o l y s i s  one  
o b s e r v e s  a c o m b i n a t i o n  o f  s t e r i c  and p o l a r  e f f e c t s .
T a b l e  1
The  K i n e t i c s  o f  t h e  A c i d  C a t a l y z e d  H y d r o l y s i s  o f  c i s 
a n d  t r a n s - 1 , 2 - c y c I o h e x a n e d  i c a r b o x y I a t  e s .
E s t e r  k i / l o 4  l<2 T Ea
(I m o l e  s e c ' T )  (1 m o l e “ ^ s e c ~ ^ )  ( o )  ( k c a l / m o l e )
D i m e t h y l  t r a n s - 1 , 2 - c y c  1 o -  
h e x a n e d  i c a r b o x y 1 a t e
4 . 6 2 . 2 9 0 . 3 1 7 . 7
D i m e t h y l  c i s - 1 , 2 - c y c 1o -  
h e x a n e d  i c a r b o x y 1 a t e
4 . 3 7 . 5 9 0 . 3 1 8 . 8
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T h e  c a r b o m e t h o x y  g r o u p s  a r e  p r o b a b l y  d i e q u a t o r i a l  in t h e  
t r a n s  a n d  a r e  n e c e s s a r i  iy a x i a l - e q u a t o r i a  ! in t h e  c i s e p i m e r .  Th e  
t r a n s  e p i m e r ,  w i t h  l e s s  s t e r i c  h i n d r a n c e ,  i s  s e e n  t o  h y d r o l y z e  mo r e  
r a p i d l y .  In t h e  m o n o e s t e r  t h e  c i s  i s o m e r  h y d r o l y s e s  mo r e  r a p i d l y ,  
p o s s i b l y  b e c a u s e  o f  h y d r o g e n  b o n d e d  s t r u c t u r e s  f a c i l i t a t i n g  a t t a c k  by 
w a t e r .
S i m i l a r  e f f e c t s  w e r e  o b s e r v e d  in t h e  h y d r o l y s e s  o f  1 , 2 - c  i s  and
t r a n s - c y c I o p e n t a n e d i c a r b o x y l a t e s ,  b u t  in t h e  c o r r e s p o n d i n g  1 , 3 - c o m p o u n d s
t h e  r a t e s  o f  h y d r o l y s i s  a r e  a l m o s t  i d e n t i c a l  f o r  b o t h  c i s  a n d  t r a n s
2 7
d i e s t e r s  and  c i s  a n d  t r a n s  m o n e s t e r s .
T h e  b a s e  c a t a l y z e d  h y d r o l y s e s  o f  d i m e t h y l  c i s and  t r a n s - 1 . 2 -  
c y c I o h e x a n e d i c a r b o x y l a t e s  a r e  s i m i l a r  e x c e p t  t h e  t r a n s  m o n e s t e r  s a p o n i ­
f i e s  m o r e  r a p i d l y  t h a n  t h e  c i  s . Th e  a n i o n  l i k e l y  r e p e I s  t h e  a t t a c k  o f  
t h e  i n c o m i n g  h y d r o x y l  g r o u p . T h e  r a t e s  a l s o  p r o v i d e  e v i d e n c e  f o r  
h y d r o g e n  b o n d e d  s t r u c t u r e s  in t h e  a c i d  c a t a l y z e d  r e a c t i o n .
S y s t e m s  c o n t a i n i n g  a c a r b o n y l  g r o u p  a n d  a t  l e a s t  one  a l p h a  
h y d r o g e n  u n d e r g o  e n o l i z a t i o n ,  w i t h  e i t h e r  a c i d  o r  b a s e  c a t a l y s i s .
T h i s  p r o c e s s  i s  i n f l u e n c e d  g r e a t l y  by s t e r i c  a n d  p o l a r  e f f e c t s .
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F i g u r e  1 3 .  P r o p o s e d  m e c h a n i s m  o f  t h e  b a s e  c a t a l y z e d  
e n o I i  z a t  i on o f  a k e t o n e .
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In g e n e r a l  t h e  e n o I s  t h a t  a r e  s t r o n g e r  a c i d s  e n o l i z e  mor e  r a p i d l y  t h a n  
t h o s e  t h a t  a r e  w e a k e r . ^ 9  A.ny s t r u c t u r e  w h i c h  w i l l  s t a b i l i z e  t h e  t r a n s ­
i t i o n  s t a t e  s h o u l d  s t a b i l i z e  t h e  p r o d u c t ,  a s  t h e y  r e s e m b l e  e a c h  o t h e r  
w i t h  r e s p e c t  t o  p l a n a r i t y ,  c o n j u g a t i o n ,  o r  t h e  p r e s e n c e  o f  e l e c t r o n  
a t t r a c t i n g  g r o u p s .  S u b s t i t u t i o n  o f  a l k y l  g r o u p s  for  t h e  a l p h a  h y d r o ­
g e n s  t e n d s  t o  a c c e l e r a t e  e n o l i z a t i o n .
R i n g  s i z e  p l a y s  a l a r g e  r o l e  i n  t h e  r a t e  o f  e n o l i z a t i o n  of  
a l i c y c l i c  k e t o n e s  and  c y c l o a l k y l p h e n y l  k e t o n e s .  The  r a t e s  o f  b a s e  
c a t a l y z e d  e n o l i z a t i o n  a r e  s u m m a r i z e d  in t h e  t a b l e  b e l o w .
T a b l e  2
Th e  E f f e c t  o f  R i n g  S i z e  on t h e  R a t e  o f  E n o l i z a t i o n  o f  
Cyc  I oa I k a n o n e s  by NaOD
R i n g  S i z e ki  X 1 0 7 ( 4 0 ' )
( s e c - 1 )
E
( k c a l / m o 1e)
A S f
( e . u . )
4 23 0 0 1 2 . 3 -31
5 68 0 1 5 . 9 - 2 6
6 100 1 2 . 2 - 4 2
7 19 1 4 . 6 - 3 7
T h e  r e s u l t s  o f  an a c i d  c a t a l y z e d  r a t e  s t u d y  ( d a t a  n o t  shown)  h a v e  b e e n  
i n t e r p r e t e d  t o  i n d i c a t e  t h a t  t h e  r a t e  i s  i n f l u e n c e d  p r i m a r i l y  by s t e r i c  
f a c t o r s ,  b u t  t h e  b a s e  c a t a l y z e d  r a t e s  a r e  c o n t r o l l e d  by t h e  s  c h a r ­
a c t e r  o f  t h e  c a r b o n  o r b i t a l  d i r e c t e d  t o w a r d  t h e  e n o l i z a b l e  h y d r o g e n ,
1 7
T a b l e  3
T h e  E f f e c t  o f  R i n g  S i z e  on t h e  R a t e  o f  E n o l i z a t i o n  o f  
P h e n y l c y c l o a l k y l  K e t o n e s  C a t a l y z e d  by NaOD
R i n g  S i z e
k^ X 1 0 7 ( 4 0 ° )
( s e c - 1 )
E
( k c a l / m o l e )
As"*"
( e . U o )
3 1 0 . 0 1 5 . 7 - 3 8
4 8 . 4 1 6 . 8 - 3 5
5 2 . 9 13 . 1 - 4 8
6 0 . 5 1 7 . 0 - 3 9
In e n o I i z a t i o n s  o f  s t e r o i d  s y s t e m s  an u n s t a b l e  k i n e t i c  p r o d u c t  
i s  s o m e t i m e s  o b s e r v e d .  Th e  f o r m a t i o n  o f  t h e s e  p r o d u c t s  i s  e x p l a i n e d  by 
t h e  c o n c e p t  o f  s t e r e o e I e c t r o n i c  c o n t r o l . 31 T h e r e  i s  b e t t e r  o v e r l a p  in 
t h e  t r a n s i t i o n  s t a t e  f o r  e n o l i z a t i o n  when  t h e  l e a v i n g  a I p h a  h y d r o g e n  
p o s s e s s e s  t h e  a x i a l  o r i e n t a t i o n  r a t h e r  t h a n  t h e  mo r e  s t a b l e  e q u a t o r i a l .  
In some c a s e s  t h i s  e f f e c t  i s  l a r g e  e n o u g h  t o  o v e r c o m e  s t e r i c  f a c t o r s  
f a v o r i n g  e q u a t o r i a l  a t t a c k .
H o w e v e r ,  i f  t h e  c a r b o n y l  f u n c t i o n  i s  on t h e  c a r b o n  a I p h a  t o  
t h e  r i n g ,  s t e r e o e I e c t r o n i c  c o n t r o l  i s  no l o n g e r  o b s e r v e d , 3 2  Zi mmer man 
s howe d  t h a t  c i s - p h e n y l - 2 - a c e t v l e v e l o h e x a n e  e p i m e r i z e d  r e a d i l y  w i t h  
s o d i u m  m e t h o x i d e  t o  g i v e  t h e  t r a n s  k e t o n e .  T h i s  e p i m e r i z a t i o n  n e c e s ­
s i t a t e s  r e m o v a l  o f  a n  e q u a t o r i a l  h y d r o g e n .  F u r t h e r  e n o l i z a t i o n  in t h e  
b r o m i n a t i o n  o f  t h e  t r a n s  d e r i v a t i v e  o c c u r s  by r e m o v a l  o f  t h e  m e t h y l  







p r o b a b l y  n o t  b e c a u s e  o f  t h e  a b s e n c e  o f  s t e r e o e I e c t r o n i c  c o n t r o l  b u t  
by t h e  a b i l i t y  o f  t h e  c a r b o n y l  g r o u p  t o  o r i e n t  i t s e l f  f o r  t h e  maximum 
o v e r l a p  in t h e  t r a n s i t i o n  s t a t e .
Th e  c a r b o n y l s  o f  e s t e r  g r o u p s  a r e ,  i n  g e n e r a l ,  n o t  a s  e f f e c t i v e  
i n  e n o l i z a t i o n  r e a c t i o n s  a s  a r e  k e t o n e s .  W i t h  b a s e  c a t a l y s i s  one  
o b t a i n s  r e a c t i o n s  o f  e s t e r s  s u c h  a s  t h e  C l a i s e n  c o n d e n s a t i o n  w h i c h  
i n v o l v e  a n i o n s .  Mos t  o f  t h e s e  a n i o n s  a r e  a t  l e a s t  p a r t i a l l y  s t a b i l i z e d  
by e n o l a t e  i on  f o r m a t i o n .
RCH-C-OR
RCH =  C -  OR'
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F i g u r e  1 4 .  P r o p o s e d  m e c h a n i s m  o f  EnoI  a t e  F o r m a t i o n  
in t h e  C l a i s e n  C o n d e n s â t  i o n . 33
T h e s e  e n o l i z a t i o n s  a r e  a c c o m p a n i e d  by c o m p l e t e  r a c e m i z a t i o n  o f  
p r o d u c t s  ( a s  a r e  t h e  p r o d u c t s  i n v o l v i n g  e n o l i z a t i o n  o f  k e t o n e s ) .  I f  
o n l y  an  i n t e r m e d i a t e  c a r b a n i o n  i s  i n v o l v e d ,  r a c e m i z a t i o n  i s  t h o u g h t
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t o  o c c u r  v i a  a r a p i d  f l i p p i n g  o f  t h e  p a i r  o f  e l e c t r o n s  t o  g i v e  e q u a l  
q u a n t i t i e s  o f  e a c h  e n a n t i o m e r .
i f  a c a r b a n i o n  i s  n o t  i n v o l v e d ,  t h e  p l a n a r i t y  o f  t h e  eno I  a t e  
i on  d e s t r o y s  a s y m m e t r y ,  a s  a t t a c k  may o c c u r  f r o m  e i t h e r  f a c e .
B a s e  c a t a l y z e d  e q u i l i b r a t i o n s  o f  e s t e r s  y i e l d  an e q u i l i b r i u m  
m i x t u r e  w h i c h  r e f l e c t s  t h e  r e l a t i v e  s t a b i l i t i e s  o f  t h e s e  p r o d u c t s .  The  
f i r s t  s y n t h e t i c  u s e  o f  t h i s  r e a c t i o n  was  by H u c k e l  a n d  Go t h  in 1 9 2 5 ,  
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F i g u r e  1 5 .  Ba s e  C a t a l y z e d  E p i m e r i z a t i o n  o f  D i e t h y l  1 , 2 -  
c y c I o h e x a n e d i c a r b o x y l a t e .
T h e  e q u i l i b r a t i o n  o f  d i m e t h y l  c i s  a n d  t _ r a n s - 1 , 3 - c y c I o h e x a n e ­
di  c a r b o x y  l a t e  h a s  b e e n  s t u d i e d  by AI l i n g e r  a n d  C u r b y . 3 5  C o n f o r m a t i o n a l  
a n a l y s i s  o f  t h i s  s y s t e m  s u g g e s t s  t h e  t r a n s  e p i m e r  i s  l e s s  s t a b l e  t h a n  
t h e  c i  s . Equi  I i b r a t  i on  o f  t h e  e s t e r s  w i t h  s o d i u m  m e t h o x i d e  in m e t h a n o l  
y i e l d s  a m i x t u r e  o f  t r a n s  i s o m e r  ( 3 0 ^ )  a n d  c i s  i s o m e r  ( 7 0 ^ ) ,  c o r r e s ­
p o n d i n g  t o  a f r e e  e n e r g y  d i f f e r e n c e  o f  0 . 5 8  k c a l / m o l e .  Th e  e n t h a l p y  
i s  e s t i m a t e d  t o  be  - 1 . 0 5  k c a l / m o l e ,  s m a l l e r  t h a n  t h e  v a l u e  f o r  a m e t h y l  
g r o u p ,  p r o b a b l y  b e c a u s e  t h e  c a r b o m e t h o x y  g r o u p  i s  p l a n a r  and  when i n  t h e  
a x i a l  p o s i t i o n  can a v o i d  some a x i a l  h y d r o g e n  i n t e r a c t i o n s .
2 0
T h e  e q u i l i b r a t i o n s  o f  c i s  and  t r a n s - 2 - ( 2 - t h i e n y I ) c y c l b p r o p a n e -  
c a r b o x y l i c  a c i d  e t h y l  e s t e r s  h a v e  a l s o  b e e n  s t u d i e d . M c F a r l a n d  s t u d i e d  
t h i s  e p i m e r i z a t i o n  t o  c l a r i f y  w h i c h  a c i d  was  c i s  a n d  w h i c h  was  t r a n s , a 
p o i n t  o f  some c o n f u s i o n  in t h e  l i t e r a t u r e .  At  e q u i l i b r i u m  he f o u n d  
o f  t h e  c i s  i s o m e r  ( e q u i  I i b r a t  i ng f r om b o t h  c i s  and  t r a n s  i s o m e r s ) . T h i s  
c o m p a r e s  w e l l  w i t h  h i s  v a l u e  o f  4 . 5 ^  o b t a i n e d  f o r  t h e  c o r r e s p o n d i n g  
p h e n y 1c y c I o p r o p y I c a r b o x y I  a t e  e s t e r s ,  a s  t h e  s t e r i c  r e q u i r e m e n t s  o f  t h e  
t h i e n y l  a nd  p h e n y l  g r o u p s  s h o u l d  be s i m i l a r .
T h e  e f f e c t  o f  r i n g  s i z e  on t h e  e q u i l i b r i u m  p o s i t i o n  o f  
e p i m e r i z a t i o n  r e a c t i o n s  o f  t h e  p r e c e d i n g  t y p e  h a s  been  s t u d i e d  by 
F o n k e n  a nd  S h i e n g t h o n g . ^ ^ » ^ ®  D i m e t h y l  ci  s a nd  t r a n s - 1 , 2 - c y c I o a I k a n e d i c a r -  
b o x y l a t e s  w e r e  e q u i l i b r a t e d  f r o m b o t h  d i r e c t i o n s  w i t h  s o d i u m  m e t h o x i d e  in 
m e t h a n o l .
T a b l e  4
T h e  C o m p o s i t i o n  o f  E q u i l i b r i u m  M i x t u r e s  o f  C y c l o a l k a n e -  
d i c a r b o x y l a t e s  f r o m B a s e  C a t a l y z e d  E p i m e r i z a t i o n
E s t e r io t r a n s $  c_i_s
D i m e t h y 1 1 , 2 - c y c 1o p r o p a n e d  i c a r b o x y l a t e 99 1
D i m e t h y l 1 , 2 - c y c l o b u t a n e d i  c a r b o x y 1 a t e 90 10
D i m e t h y 1 1 , 2 - c y c I o p e n t a n e d i  c a r b o x y l a t e 90 10
D i m e t h y 1 1 , 2 - c y c 1o h e x a n e d  i c a r b o x y l a t e 93 7
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Th e  e q u i l i b r i u m  p e r c e n t a g e s  f o r  t h e  d i f f e r e n t  e s t e r s  a r e  r a t h e r  s i m i l a r ,  
e x c e p t  f o r  t h e  c y c l o p r o p a n e  c a s e ,  w h e r e  t h e  t r a n s  e p i m e r  i s  o v e r w h e l m i n g ­
ly p r e f e r r e d .  T h i s  i s  r e a s o n a b l e ,  a s  in t h e  c i s  i s o m e r  t h e  c a r b o m e t h o x y  
g r o u p s  a r e  e c l i p s e d  and  t h e y  a r e  n o t  in t h e  t r a n s . The  p o s i t i o n  o f  
e q u i l i b r i u m  f o r  t h e  c y c l o b u t a n e  c a s e  i s  mo r e  s i m i l a r  t o  t h e  c y c l o p e n ­
t a n e  a n d  t h e  c y c l o h e x a n e  c a s e .  T h i s  f a c t  p r o v i d e s  e v i d e n c e  f o r  p u c k e r ­
i ng  in t h e  c y c l o b u t a n e  r i n g s .  I f  p u c k e r i n g  w e r e  n o t  p r e s e n t  t h e  
c a r b o m e t h o x y  g r o u p s  wo u l d  be e c l i p s e d  a s  i n  t h e  c y c l o p r o p y l  e s t e r s  and  
a s u b s t a n t i a l l y  d i f f e r e n t  p o s i t i o n  o f  e q u i l i b r i u m  wo u l d  be o b s e r v e d .  
P u c k e r i n g  o f  t h e  r i n g  p r o d u c e s  s t r u c t u r e s  a s  t h o s e  b e l o w .
H
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t r a n s  c i s
CHAPTER I I 
DISCUSSI ON
T h e  e f f e c t s  o f  s u b s t i t u e n t s ,  s i t e s  o f  u n s a t u r a t i o n ,  r i n g  
s i z e ,  c o n f i g u r a t i o n ,  c o n f o r m a t i o n ,  and o t h e r  f a c t o r s  upon  r e a c t i o n  
r a t e s  n e e d  f u r t h e r  s t u d y .  Th e  t h e r m o d y n a m i c s  a nd  k i n e t i c s  o f  many 
r e a c t i o n s  e s p e c i a l l y  t h o s e  i n v o l v i n g  e n o l i z a t i o n  and  e p i m e r i z a t i o n  a r e  
r e l e v a n t .  T h e  p r e s e n t  w o r k  i s  a s t u d y  o f  t h e  k i n e t i c s  o f  t h e  b a s e  
c a t a l y z e d  e p i m e r I z a t i o n  o f  d i m e t h y l  c i s  and  t r a n s - 1 , 2 - c y c I o a I k a n e d  i -  
c a r b o x y I  a t  e s .  T h i s  w o r k  i n c l u d e s  t h e  s t u d y  o f  t h e  1 - m e t h y l c y c l o h e x a n e ,
1 - m e t h y l c y c l o h e x - 4 - e n e ,  a n d  t h e  c y c l o h e x - 4 - e n e  s y s t e m s ,  a s  w e l l  a s  t h e  
h o m o l o g o u s  s e r i e s  o f  1 , 2 - c y c I o a I k a n e d i c a r b o y x I a t e s  c o n t a i n i n g  t h r e e  
me mbe r e d  t o  s e v e n  me mbe r e d  r i n g s .
T h e  S y n t h e s e s  o f  S u b s t r a t e s
T h e  s u b s t r a t e s  n e c e s s a r y  f o r  t h i s  s t u d y  a r e ,  f o r  t h e  mo s t  
p a r t ,  n o t  c o m m e r c i a l l y  a v a i l a b l e .  Th e  s y n t h e s e s  o f  t h e  e s t e r s  a r c  
d e s c r i b e d  in t h e  l i t e r a t u r e ,  a l t h o u g h  in s e v e r a l  c a s e s  s i g n i f i c a n t  
m o d i f i c a t i o n s  a r e  n e c e s s a r y  t o  o b t a i n  r e a s o n a b l e  q u a n t i t i e s  o f  
m a t e r i  a I s .
E p i m e r i c  1 , 2 - c y c I o p r o p a n e d i c a r b o x y I i c  a c i d  wa s  s y n t h e s i z e d  
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T h e  e s t e r  o b t a i n e d  was  s a p o n i f i e d  a n d  t h e  a c i d  w h i c h  r e s u l t e d  was  
c o n v e r t e d  t o  t h e  c i s  a n h y d r i d e  w i t h  a c e t i c  a n h y d r i d e .  T h e  p u r e  c i s 
a c i d  was  o b t a i n e d  upon  t r e a t m e n t  w i t h  w a t e r .  T h e  t r a n s  a c i d  was  p r e ­
p a r e d  by e p i m e r i z a t i o n  o f  t h e  d i m e t h y l  c i s  e s t e r ,  f o l l o w e d  by s a p o n i f i ­
c a t i o n  and  r e c r y s t a l l i z a t i o n .  T h e  d i m e t h y l  e s t e r  was  s y n t h e s i z e d  w i t h  
F i s c h e r  e s t é r i f i c a t i o n  c o n d i t i o n s ,  i n  good  y i e l d .
A l l  e s t e r s  p r e p a r e d  by t h i s  me t h o d  a r e  l i s t e d  i n  T a b l e  13 ,  
p .  4 6 .  The  c o r r e s p o n d i n g  c i s  e s t e r  p r e p a r e d  in t h i s  m a n n e r  was  l a r g e l y  
e p i m e r i z e d .  P u r e  c i s  e s t e r  was  s y n t h e s i z e d  by u s e  o f  d i a z o m e t h a n e  in 
e t h e r e a l  s o l u t i o n .  A l l  e s t e r s  p r e p a r e d  by t h i s  m e t h o d  a r e  l i s t e d  in 
T a b l e  1 2 ,  p .  4 4 .
C i s a nd  t r a n s - c y c l o b u t a n e d i c a r b o x y I i  c a c i d s  w e r e  p r e p a r e d  in 
a s i m i l a r  m a n n e r  t o  t h e  c o r r e s p o n d i n g  c y c l o p r o p y l  a c i d s  f r o m c j ^ - l , 2 -  
c y c  l o b u t a n e d i  c a r b o x y  I i c a n h y d r i d e . 41
T h e  s y n t h e s i s  o f  c i s  a n d  t r a n s - 1 , 2 - c y c I o p e n t a n e d i c a r b o x y I i c  
a c i d  p r o v e d  t o  be  l e n g t h y  a nd  good  y i e l d s  w e r e  d i f f i c u l t  t o  o b t a i n .  
T h e s e  p r e p a r a t i o n s  w e r e  l a r g e l y  b a s e d  on t h e  wo r k  o f  B a i l e y  and  S o r e n -  
s o n ^ ^  a n d  B i r c h ,  D e a n ,  H u n t e r ,  and  W h i t e h e a d . 43  T h e  s y n t h e s i s  u s e d  
by B a i l e y  e nd  S o r e n s o n  i s  o u t l i n e d  b e l o w;
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The  y i e l d  o f  t h e  f i r s t  s t e p  o f  t h e  s e r i e s  was  i n c r e a s e d  f r om 
t o  7 0 ^  t h e o r e t i c a l  by t h e  u s e  o f  s o d i u m  h y d r i d e  in DMSO. The  
d e c a r b o x y l a t i o n  s t e p ,  h o w e v e r ,  p r o v e s  t o  go in p o o r  y i e l d s  ( l e s s  t h a n  
21 # )  a n d  o n l y  s m a l l  q u a n t i t i e s  o f  t h e  t r a n s  a c i d  w e r e  p r e p a r e d  in t h i s  
m a n n e r .
A s e c o n d  s y n t h e t i c  r o u t e  w i t h  e t h y l  t e t r a h y d r o f u r o a t e  o f f e r e d  
a mor e  f e a s i b l e  a p p r o a c h .  The  i m p e t u s  f o r  u s e  o f  t h i s  r o u t e  was  e n ­
h a n c e d  by t h e  a v a i l a b i l i t y  o f  a l a r g e  s a m p l e  o f  e t h y l  t e t r a h y d r o f u r o a t e  
( Q u a k e r  O a t s  Co mp a n y ) .
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A l t h o u g h  t h e  p r o c e d u r e  o u t l i n e d  a b o v e  r e q u i r e d  mo r e  s t e p s ,  t h e  
o v e r a l l  y i e l d s  w e r e  g o o d ,  a n d ,  in p a r t i c u l a r ,  a f a i r  y i e l d ,  43%,  was  
o b t a i n e d  in t h e  d e c a r b o x y l a t i o n  s t e p .  The  c r u d e  t r a n s - 1 , 2 - c y c I o -  
p e n t a n e d i c a r b o x y ! i c  a c i d  was  c o n v e r t e d  t o  t h e  c i s  a n h y d r i d e  w i t h  a c e t i c  
a n h y d r i d e .  P u r e  c i s  and  t r a n s  a c i d s  a nd  t h e i r  c o r r e s p o n d i n g  e s t e r s  
w e r e  p r e p a r e d  a s  d e s c r i b e d  p r e v i o u s l y  f o r  t h e  c y c l o p r o p y l  and c y c l o b u t y l  
c a s e s  f r o m t h i s  p r e c u r s o r .
T h e  s y n t h e s i s  o f  t h e  1 , 2 - c y c I o h e x a n e d i c a r b o x y I i c  a c i d s ,  t h e
1 , 2 - c y c I o h e x - 4 - e n e d i c a r b o x y I  i c  a c i d s  and  t h e i r  c o r r e s p o n d i n g  e s t e r s  
w e r e  p e r f o r m e d  a s  t h o s e  d e s c r i b e d  a b o v e  f r o m c o m m e r c i a l l y  a v a i l a b l e  
s t a r t  i ng m a t e r  i a I s .
C i s - 1 , 2 - c y c I o h e x a n e d i c a r b o x y I i  c e s t e r s  w e r e  p r e p a r e d  by 
F i s c h e r  e s t é r i f i c a t i o n ;  c o n c u r r e n t  e p i m e r i z a t i o n  was  n o t  o b s e r v e d .
C i s  a n d  t r a n s - 1 - m e t h y 1 - 1 , 2 - c y c I o h e x - 4 - e n e d  i c a r b o x y I i  c a n h y d r i d e s  
w e r e  h y d r o g e n a t e d  t o  y i e l d  t h e  c i s  and t r a n s - 1 - m e t h y 1 - 1 , 2 - c y c I o h e x a n e -  
d i c a r b o x y l i e  a n h y d r i d e s  r e s p e c t i v e l y .  Th e  c i s  a n d  t r a n s  d i m e t h y l  e s t e r s  
w e r e  p r e p a r e d  f r o m a l l  f o u r  a n h y d r i d e s  by t r e a t m e n t  o f  t h e  a p p r o p r i a t e  
a c i d  w i t h  d i a z o m e t h a n e .
T h e  s y n t h e s i s  o f  t h e  c y c l o h e p t y l  s y s t e m  was  b e gun  w i t h  t h e  
m e t h o d  o f  B r a n n o c k ,  B u r p i t t ,  Good I e t  and  T h w e a t t . ^ ^  T h i s  me t h o d
C02Me
COgMg
1.  H 2 , P t 2 0
2 .  OH- ^ r  N S -
V ^ C 0 2 M e
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p r o v i d e d  good  i n t e r m e d i a t e s  f o r  p r e p a r a t i o n  o f  b o t h  c i s  a nd  t r a n s - 1 , 2 -  
c y c I o h e p t a n e d i c a r b o x y I i c  a c i d s .  1 , 2 - c y c I o h e p t - 2 - e n e d i c a r b o x y I i c  a c i d  
was  h y d r o g e n a t e d  in b a s i c  s o l u t i o n  u n d e r  m o d e r a t e  p r e s s u r e  w i t h  R a n e y  
n i c k e l  t o  y i e l d  p r é d o m i n a n t e Iy t r a n s  a c i d .  T h i s  m e t h o d  h a s  b e e n  u s e d  
a s  a s y n t h e s i s  f o r  t h e  c i s  a c i d ,  a l t h o u g h ,  in t h i s  c a s e  e p i m e r i z a t i o n  
o c c u r r e d  r a p  i d l y . ^ 4  Th e  d i m e t h y l  t r a n s  e s t e r  was  p r e p a r e d  by e s t é r i f i ­
c a t i o n  o f  t h e  e p i m e r i c  a c i d  and  p u r i f i c a t i o n  by f r a c t i o n a t i o n .
An a t t e m p t  t o  p r e p a r e  c i s - 1 , 2 - c y c I o h e p t a n e d i c a r b o x y I i c  a c i d  
was  made  f r o m  c y c I o h e p t a n o n e  b a s e d  on t h e  wo r k  o f  Si  c h e r ,  S i p o s ,  a nd  
J o n a $45 and  La F o n t  a nd  B o n n e t . 4 &
0 1.KNH






T h e  c y a n o h y d r i n  r e s i s t e d  d e h y d r a t i o n  w i t h  p h o s p h o r u s  
o x y c h l o r i d e  a n d  p y r i d i n e .  A f t e r  e a c h  a t t e m p t  o n l y  2 - c a r b e t h o x y c y c I o -  
h e p t a n o n e  c o u l d  be r e c o v e r e d .  S i  c h e r ,  S i p o s  a nd  J o n a s  r e p o r t e d  good  
y i e l d s  (90%)  f o r  t h e  d e h y d r a t i o n  o f  t h e  c o r r e s p o n d i n g  c y a n o h y d r i n  o f
2 - c a r b o m e t h o x y c y c I o h e p t a n o n e . 45







1, 2 - c y c I o h e p t - 1 - e n e d i c a r b o x y I  i c  a n h y d r i d e  was  f o r me d  by t r e a t m e n t  o f  
1 j 2 - c y c  1 o h e p t - 2 - e n e d  i c a r b o x y  1 :■ c a c i d  w i t h  a c e t i c  a n h y d r i d e .  Th e  h y d r o ­
g e n a t i o n  s t e p  p r o c e e d e d  in o n l y  f a i r  y i e l d  ( 5 0 ^ )  t o  p r o d u c e  t h e  c i s 
a n h y d r i d e .  Th e  p u r e  c i s  a c i d  was  p r e p a r e d  f r o m t h i s  a n h y d r i d e  by 
h y d r o l y s i s  w i t h  w a t e r .
Th e  E x p é r i m e n t a  I Me t h o d  
S a m p l e s  o f  p u r e  c i s  a n d  t r a n s  e s t e r s  in m e t h a n o l  w e r e  a l l o w e d  
t o  e q u i l i b r a t e  a t  c o n s t a n t  t e m p e r a t u r e  w i t h  s o d i u m  m e t h o x i d e .  Th e  
c o n c e n t r a t i o n s  o f  b o t h  b a s e  a n d  s u b s t r a t e ,  a nd  t e m p e r a t u r e  w e r e  v a r i e d  
f o r  d i f f e r e n t  r u n s .  D u p l i c a t e  s a m p l e s  w e r e  e p i m e r i z e d  f o r  a l l  r u n s .
C l o s e  t e m p e r a t u r e  c o n t r o l  was  m a i n t a i n e d .  A l i q u o t s  w e r e  r e mo v e d  a t  v a r i ­
o u s  t i m e s  and  t i t r a t e d  w i t h  h y d r o c h l o r i c  a c i d .  T h e  q u e n c h e d  s a m p l e s  w e r e  
t h e n  e x t r a c t e d  a n d  t h e  r e l a t i v e  p e r c e n t a g e s  o f  e s t e r s  in t h e  s a m p l e s  
w e r e  d e t e r m i n e d  g a s  c h r o m a t o g r a p h i c a I l y .  E a c h  s a m p l e  was  d e t e r m i n e d  
t h r e e  t i m e s  a n d  t h e  a v e r a g e  v a l u e  was  u s e d  in t h e  c a l c u l a t i o n s .  D e t e r ­
m i n a t i o n  o f  known s a m p l e s  o f  e s t e r s  showe d  no c o r r e c t i o n  f a c t o r s  w e r e  
n e c e s s a r y .  T h e  e r r o r  o f  t h e  r e l a t i v e  p e r c e n t a g e s  i s  e s t i m a t e d  t o  be 
+l f o .
The r mo d y n a mi  c D a t a  
By m e a s u r e m e n t s  o f  t h e  r e l a t i v e  p e r c e n t a g e s  o f  e a c h  p a i r  o f  
e s t e r s  a t  e q u i l i b r i u m ,  t h e  e q u i l i b r i u m  c o n s t a n t  a n d  t h e  f r e e  e n e r g y  
v a l u e  may be c a l c u l a t e d  f o r  t h e  e p i m e r i z a t i o n  r e a c t i o n .
As p r e v i o u s l y  m e n t i o n e d ,  t h e r m o d y n a m i c  s t a b i l i t y  h a s  b e e n  
r e l a t e d  t o  c o n f o r m a t i o n  f o r  t h e  c y c l o b u t a n e  s y s t e m . T h e  p r e s e n t  s t u d y  
r e v e a l s  some i n t e r e s t i n g  c o n f o r m a t i o n a l  i n f o r m a t i o n  f o r  c y c l i c  s y s t e m s .
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In t r a n s  c y c l o h e x a n e  s y s t e m s  t h e  d i a x i a l  c o n f o r m e r  i s  g e n e r a l l y  
l e s s  s t a b l e  t h a n  t h e  d i e q u a t o r i a l  b e c a u s e  o f  1 , 3 - d i a x i a l  i n t e r a c t i o n s .
In a s y s t e m  s u c h  a s  t r a n s - 4 , 5 - d  i m e t h y 1 e y e  I o h e x e n e ^  t h e  d i a x i a l  c o n f o r m e r  
i s  s t a b i l i z e d  w i t h  r e s p e c t  t o  t h e  d i e q u a t o r i a l  by t h e  r e mo v a l  o f  t wo 
1 , 3  i n t e r a c t i o n s . T T ) ^ ^
D i m e t h y l  c i s - 1 , 2 - c y c I o h e x a n e d i c a r b o x y l a t e  mu s t  c o n t a i n  one  
e q u a t o r i a l  a nd  one  a x i a l  c a r b o m e t h o x y  g r o u p .  Th e  c o r r e s p o n d i n g  t r a n s  
e s t e r  by a n a l o g y  w i t h  1 , 2 - d i m e t h y l c y c l o h e x a n e ,  s h o u l d  l a r g e l y  e x i s t  in 
t h e  d i e q u a t o r i a l  c o n f o r m a t i o n . ' ^ ^  I f  a d o u b l e  bond  i s  i n t r o d u c e d  i n t o  t h e  
f o u r  p o s i t i o n ,  some 1 , 3  i n t e r a c t i o n s  a r e  r e m o v e d .  As t h e  c i s  e s t e r  mus t  
h a v e  one  a x i a l  b o n d ,  t h e  c i s  e s t e r  w i l l  be  s t a b i l i z e d  w i t h  r e s p e c t  t o  
t h e  t r a n s . A s t a b i l i z a t i o n ,  a s  p r e d i c t e d ,  i s  o b s e r v e d  in t h e  p r e s e n t  
w o r k .
T a b l e  5
T h e r m o d y n a m i c  D a t a  f o r  t h e  E q u i l i b r a t i o n  o f  D i m e t h y l -  
c y c l o h e x a n e -  a n d  D i m e t h y l  C y c I o h e x e n e d i c a r b o x y I  a t e
E s t e r s
Compound A f K
( k c a l / m o l e) ( t r a n s / c  i s)
D i m e t h y 1 1 , 2 - c y c 1o h e x e n e d  i c a r b o x y 1 a t e -1 . 45 1 1 . 7
Di me t h y l 1 , 2 - c y c 1 o h e x - 4 - e n e d  i c a r b o x y 1 a t e - 0 . 6 1 2 . 8
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A F , c i s , u a s . ___________________________
t
A F , c i s , s a t d . ____________________________  A  F,  c i s , uns-AF,  t  rans  , u n s .
î = A ( A F )  uns .
A F , c i s - A F , t r a n s  =  A ( A F ) s a t d .
A f , t r a n s ,  u n s . ___________ ^
A f . t r a n s . s a t d , A ( û F ) s , t j .  - A ( ^ f ) „ „ 3 . > 0
a n d  Ku n s .  *^s a t d .
Al  l i n g e r  d e t e r m i n e d  t h e  i n t e r a c t i o n s  o f  a c a r b o m e t h o x y  g r o u p  
t o  be s m a l l e r  t h a n  t h o s e  o f  a m e t h y l  g r o u p .  Th e  c a r b o m e t h o x y  g r o u p  
i s  p l a n a r  and c a n  a v o i d  some 1 , 3  i n t e r a c t i o n s . ^ ^
In d i m e t h y l  t r a n s - 1 - m e t h y 1 - 1 , 2 - c y c I o h e x a n e d i c a r b o x y l a t e  t h e  
d i e q u a t o r i a l  c o n f o r m a t i o n  ( c a r b o m e t h o x y  g r o u p s )  s h o u l d  a g a i n  be p r e ­
f e r r e d .  Th e  c i s  e s t e r  may e x i s t  i n  t wo c o n f o r m a t i o n s .  T h e  c a r b o ­
m e t h o x y  g r o u p s  a r e  a x i a l  and  e q u a t o r i a l  and  t h e  m e t h y l  g r o u p  may be 
e i t h e r  a x i a l  o r  e q u a t o r i a l .  T h e  p r e f e r r e d  c o n f o r m a t i o n  h a s  t h e  m e t h y l  
g r o u p  in an e q u a t o r i a l  p o s i t i o n .  C o n f o r m a t i o n a l  a n a l y s i s  r e v e a l s  t h a t  
t h e  t wo i s o m e r s  d i f f e r  s l i g h t l y .  T h e r e  i s  a d i f f e r e n c e  o f  t wo 1 , 3 -  
i n t e r a c t i o n s  and  two g a u c h e  b u t a n e  i n t e r a c t i o n s  w i t h  t h e  m e t h y l  g r o u p s  
in t h e  t r a n s  i s o m e r  w h e r e a s  in t h e  c i s  i s o m e r  t h e s e  i n t e r a c t i o n s  a r e  
w i t h  a c a r b o m e t h o x y  g r o u p .  As t h e  i n t e r a c t i o n s  o f  a c a r b o m e t h o x y  g r o u p  
and  a m e t h y l  g r o u p  a r e  s i m i l a r ,  t h e  c i s  s h o u l d  be s t a b i l i z e d  w i t h  
r e s p e c t  t o  t h e  t r a n s  in t h i s  s y s t e m .
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T ab  I e 6
T h e r m o d y n a m i c  D a t a  f o r  t h e  E q u i l i b r a t i o n  o f  t h e  1 - M e t h y l c y c l o ­
h e x a n e  and  C y c I o h e x a n e d i c a r b o x y l a t e  E s t e r s
A  p  1/
Compound , ,
( k c a I / m o  l e )  ( t r a n s / c i s )
D i m e t h y l  1 - m e t h y 1 - 1 , 2 - c y c I o h e x a n e d i c a r b o x y I  a t e  - 0 . 3 6  1 . 8 4
D i m e t h y l  1 , 2 - c y c I o h e x a n e d i c a r b o x y I  a t e  - 1 . 4 5  1 1 . 7
I f  o n e  i n t r o d u c e s  a d o u b l e  bond  i n t o  t h e  s y s t e m  t h e  t r a n s  
d i e q u a t o r i a l  c o n f o r m e r  b e c o me s  s t a b i l i z e d  w i t h  r e s p e c t  t o  t h a t  o f  t h e  
s a t u r a t e d  1 - m e t h y l  e s t e r  by a f a c t o r  o f  one  m e t h y l - r i n g  g a u c h e  b u t a n e  
i n t e r a c t i o n  and  o n e  1 , 3  m e t h y l - h y d r o g e n  i n t e r a c t i o n .  T h e  c i s  e s t e r  
( w i t h  t h e  e q u a t o r i a l  m e t h y l )  w i l l  be  s t a b i l i z e d  w i t h  r e s p e c t  t o  t h e  
u n s a t u r a t e d  e s t e r  by o n e  c a r b o m e t h o x y - r i n g  g a u c h e  b u t a n e  i n t e r a c t i o n  
and  o n e  1 , 3  c a r b o m e t h o x y - h y d r o g e n  i n t e r a c t i o n .  S i n c e  t h e  i n t e r a c t i o n s  
o f  c a r b o m e t h o x y  g r o u p s  a r e  s l i g h t l y  l e s s  t h a n  t h o s e  o f  m e t h y l  g r o u p s ,  
t h e  t r a n s  e s t e r  s h o u l d  be s t a b i l i z e d  w i t h  r e s p e c t  t o  t h e  c l  s .
T a b l e  7
T h e r m o d y n a m i c  D a t a  f o r  t h e  E q u i l i b r a t i o n  o f  t h e  S a t u r a t e d  and 
U n s a t u r a t e d  1 - M e t h y l  C y c I o h e x a n e d i c a r b o x y l i e  E s t e r s .
Compound A F "  ( k c a l / m o l e )  K ( t r a n s / c i s )
D i m e t h y l  1 - m e t h y 1 - 1 , 2 - c y c I o h e x a n e d i c a r b o x y I  a t e  - 0 . 3 6  1 . 8 4
D i m e t h y l  1 - m e t h y 1 - 1 , 2 - c y c I o h e x - 4 - e n e d i c a r b o x y I  a t e  - 0 . 8 0  3 . 9 0
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A s h i f t  in t h e  p r o p e r  d i r e c t i o n  i s  a g a i n  n o t e d .
A f . c i s , s a t d .  . 1-methy I
A A p j C i s , u n s . , 1 - m e t h y l
A f , t r a n s ,  s a t d . ,  1 - m e t h y  !_
A  F , t r a n s ,  u n s , ,  1 - me t h y !
Z l F . c i s , s a t d . , 1 - m e t h y l  -  A F .  t r a n s , s a t  d . , 1 - m e t h y  I
F ) s a t d . , 1 - m e t h y  I
A  F,  c i s , u n s . . 1-methy I - A f , t r a n s , u n s . , 1-methy !
^  ( A f ) y n s . ,  1 - m e t h y  I
A ( A f ) >  A ( a f )
u n s . ,  1 - m e t h y l  s a t d . , 1 - m e t h y I
T h e  c i s  d i e s t e r  o f  c y c l o h e p t a n e d i  c a r b o x y I i c  a c i d  i s  s t a b i l i z e d  
w i t h  r e s p e c t  t o  t h a t  o f  t h e  c o r r e s p o n d i n g  c y c l o h e x a n e  s y s t e m  b e c a u s e  
o f  a d e g r e e  o f  f l e x i b i l i t y  in t h e  r i n g  w h i c h  a l l o w s  t h e  s u b s t i t u e n t s  t o  
d e c r e a s e  1 , 3  d i a x i a l  a n d  g a u c h e  b u t a n e  i n t e r a c t i o n s .  T h e  t r a n s  e s t e r  
i s  a f f e c t e d  l e s s  by t h i s  f l e x i b i l i t y ,  a l t h o u g h  some g a u c h e  b u t a n e  
i n t e r a c t i o n s  a r e  u n d o u b t e d l y  r e l i e v e d .  A g a i n  o n e  o b s e r v e s  a s h i f t  in 
t h e  p r e d i c t e d  d i r e c t i o n .
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T a b l e  8
T h e r m o d y n a m i c  D a t a  f o r  t h e  E q u i l i b r a t i o n  o f  C y c l o h e x y l  a n d
C y c l o h e p t y l  E s t e r s
A F K
Compound ( k c a 1/ mo l e ) ( t r a n s / c i s )
D i m e t h y 1 1 , 2 - c y c 1o h e x a n e d i c a r b o x y l a t e - 1 . 4 5 1 1 . 7
0 i m e t h y 1 1 , 2 - c y c 1o h e p t a n e d  i c a r b o x y l a t e - 0 . 8 2 3 . 9 9
S ma l l  v a r i a t i o n s  in t h e  e q u i l i b r i u m  c o n s t a n t s  w e r e  o b s e r v e d  
f o r  c h a n g e s  in t e m p e r a t u r e  a n d  c o n c e n t r a t i o n .  Th e  e q u i l i b r i u m  i s  
s h i f t e d  s l i g h t l y  t o w a r d  t h e  l e s s  s t a b l e  c i s  i s o m e r  by an i n c r e a s e  in 
t e m p e r a t u r e .  T h i s  r e s u l t s  b e c a u s e  t h e  o v e r a l l  e n e r g y  o f  t h e  s y s t e m  
i s  i n c r e a s e d  a n d  t h e  f o r m a t i o n  o f  c i s  i s o m e r  b e c o me s  e n e r g e t i c a l l y  
mor e  f a v o r a b l e .
T h e  c h a n g e s  p r o d u c e d  by c o n c e n t r a t i o n  a r e  much s m a l l e r  t h a n
t h o s e  o f  t e m p e r a t u r e .  T h e  e f f e c t  i s  o b s e r v e d  t o  v a r y  s o  a s  t o  r e d u c e
t h e  c i s  i s o m e r  in some s y s t e m s  a n d  i n c r e a s e  i t  i n o t h e r s .  T h e  d i f f e r ­
e n c e s ,  h o w e v e r ,  a r e  p r o b a b l y  n o t  s i g n i f i c a n t l y  d i f f e r e n t  t h a n  t h e  
s t a n d a r d  d e v i a t i o n  o f  t h e  r a t e  c o n s t a n t s  and  i t  i s  d o u b t f u l  t h a t  a 
r i g o r o u s  t r e a t m e n t  w o u l d  be  m e a n i n g f u l .
T h e  R a t e  o f  E p i m e r i z a t  i on 
T h e  r a t e s ,  and  k ^ ,  a r e  r e p o r t e d  f o r  t h e  e p i m e r i z a t i o n s  o f  
b o t h  c i s  and  t r a n s  e s t e r s .  A l l  c a l c u l a t e d  r a t e s  a r e  e x p r e s s e d  in t h e
u n i t s  ( I  s e c " !  m o l e s ' ^ )  and a r e  c o r r e c t e d  f o r  b a s e  c o n c e n t r a t i o n .  As
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t h e  t r a n s  r u n s  i n v o l v e  s ma l I  c h a n g e s  o f  c o n c e n t r a t i o n ,  in mo s t  c a s e s ,  
t h e  d a t a  d e r i v e d  f r o m t h e m  i s  l e s s  a c c u r a t e .
P l o t s  o f  l og  kj. f o r  t h e  h o m o l o g o u s  s e r i e s  o f  e s t e r s  r e s e m b l e  
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R i n g  S i z e
F i g u r e  1 6 .  P l o t  o f  l o g  V e r s u s  R i n g  S i z e  f o r  t h e  
E p i m e r i z a t i o n  o f  c i s - 1 , 2 - c y c l o a l k a n e d i -  
c a r b o x y l a t e s o
T h e  r a t e s  o f  t h e  e p i m e r i z a t i o n  o f  t h e  s i m p l e  e s t e r s  a r e  e x p l a i n e d  by 
f a c t o r s  p r e s e n t e d  i n  t h e  i n t r o d u c t i o n .
The  c y c l o p r o p y l  e s t e r  r e q u i r e s  a l a r g e  a mo u n t  o f  e n e r g y  t o  
d i s t o r t  t h e  bond  a n g l e s  f r o m t e t r a h e d r a l  t o  t r i g o n a l .  Th e  c y c l o h e x a n e  
s y s t e m  i s  r e l u c t a n t  t o  be  r e mo v e d  f r o m  i t s  s t r a i n - f r e e  c o n f o r m a t i o n .
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T h e  c y c l o b u t y l ,  c y c l o p e n t y t ,  and c y c l o h e p t y l  s y s t e m s  c a n  c h a n g e  t o  a 
t r i g o n a l  c o n f i g u r a t i o n  mo r e  r e a d i l y  and  a r e  t h u s  e p i m e r i z e d  mor e  r a p i d l y .
T h e  r a t e s  o f  t h e  1 - m e t h y l  s u b s t i t u t e d  c y c l o h e x y l  and  u n s a t u r a t e d  
c y c I o h e x a n e d i c a r b o x y l a t e s  r e q u i r e  a mo r e  c o m p l e x  e x p l a n a t i o n .  Even 
a s s u m i n g  a s t a t i s t i c a l  f a c t o r  w i l l  d e c r e a s e  t h e  r a t e  o f  e p i m e r i z a t i o n  by 
o n e  h a l f ,  n e v e r t h e l e s s  t h e  1 - m e t h y l  e s t e r  i s  s t i f f  s l o w e r  by a f a c t o r  o f  
t e n  t h a n  t h e  u n s u b s t i t u t e d  e s t e r .  T h i s  e f f e c t  i s  p a r t i a l l y  b e c a u s e  o f  
t h e  a d d e d  s t e r i c  e f f e c t s  o f  t h e  m e t h y l  g r o u p .
Th e  r a t e  o f  e p i m e r i z a t i o n  o f  d i m e t h y l  c i s - 1 , 2 - c y c I o h e x - 4 -  
e n e d i c a r b o x y l a t e  i s  1 . 8  t i m e s  f a s t e r  t h a n  t h a t  o f  t h e  c o r r e s p o n d i n g  
s a t u r a t e d  c o m p o u n d .  Th e  a p p r o a c h  t o  t h e  h y d r o g e n  a t o m i s  much e a s i e r  
a s  t h e r e  a r e  l e s s  s t e r i c  e f f e c t s ,  ,  l e s s  c r o w d i n g  in t h e  u n s a t u r a t e d  
s y s t e m s .
A s i m i l a r  e f f e c t  i s  o b s e r v e d  in a c o m p a r i s o n  o f  t h e  r a t e s  o f  
e p i m e r i z a t i o n  o f  d i m e t h y l  1 - m e t h y 1 - 1 , 2 - c y c I o h e x - 4 - e n e d i c a r b o x y I  a t e  a nd  
t h e  c o r r e s p o n d i n g  s a t u r a t e d  compound  w h e r e  t h e  r e l a t i v e  r a t e  r a t i o  i s  
2 . 5 .
T h e  Me eha n  i sm
T h e  m e c h a n i s m  o f  t h i s  e p i m e r i z a t i o n  r e a c t i o n  h a s  n o t  bee n  
e x a m i n e d  c l o s e l y .  T h e  r e m o v a l  o f  an a c i d i c  p r o t o n  h a s  b e e n  c o n s i d e r e d  
t h e  r a t e  c o n t r o l l i n g  s t e p .  The  m e c h a n i s m  mu s t  i n v o l v e  an e n o l i z a t i o n  
and  t h e  f o l l o w i n g  m e c h a n i s m  e x p l a i n s  c e r t a i n  f e a t u r e s  o f  t h e  r e a c t i o n .  
Th e  m e c h a n i s m  in e s s e n c e ,  was  p r o p o s e d  by S h e c h t e r  f o r  t h e  b a s e  
c a t a l y z e d  e n o l i z a t i o n  o f  c y c I o a I k a n o n e s  a n d  p h e n y  I c y c I o a I k y I  
k e t o n e s . 3 0  He c o n c l u d e d  t h a t  t h e  r a t e s  o f  t h e  b a s e  c a t a l y z e d  p r o c e s s
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P r o p o s e d  m e c h a n i s m  f o r  t h e  b a s e  c a t a l y z e d  e p i m e r i z a t i o n  o f  1 , 2 -  
c y c l o a l k a n e d i c a r b o x y l a t e s .
w e r e  p r i m a r i l y  c o n t r o l l e d  by t h e  s  c h a r a c t e r  o f  t h e  c a r b o n  o r b i t a l  
d i r e c t e d  t o w a r d  an e n o l i z a b l e  h y d r o g e n .  The  t r a n s i t i o n  s t a t e s  a r e  
f a i r l y  c l o s e  t o  t h e  e n o l a t e  i on  i n  c h a r a c t e r .  I t  i s  o f  i n t e r e s t  t o  
n o t e  t h a t  t h e  e n e r g i e s  o f  a c t i v a t i o n  o f  t h i s  r e a c t i o n  a r e  a l l  n e a r l y  
t h e  s ame ( +  2 k c a l ) .  In t h e  e p i m e r i z a t i o n  r e a c t i o n  o f  c y c l o a l k a n e d i -  
c a r b o x y l a t e s  a s i m i l a r  s i t u a t i o n  i s  o b s e r v e d .
Ta b  Ie  9
E n e r g i e s  a n d  E n t r o p i e s  o f  A c t i v a t i o n  f o r  t h e  E p i m e r i a t i o n  
o f  1 , 2 - C y c I o a I k a n e d  i c a r b o x y I a t e s .
E s t e r
Ea
( k c a l / m o l e ) ( e . u . )
D i m e t h y l 1 , 2 - c y c 1o p r o p a n e d i  c a r b o x y 1 a t e 2 0 . 8 - 2 3 . 1
D i m e t h y 1 1 , 2 - c y c l o b u t a n e d i c a r b o x y l a t e 1 9 . 2 - 1 0 . 1
D i m e t h y 1 1 , 2 - c y c 1o p c n t a n e d i  c a r b o x y 1 a t e 1 9 . 9 - 1 0 . 5
D i m e t h y l 1 , 2 - c y c 1o h e x a n e d i  c a r b o x y 1 a t e 2 2 . 2 - 2 3 . 1
D i m e t h y 1 1 - m e t h y 1 - 1 , 2 - c y c 1o h e x a n e d i  c a r b o x y l a t e 2 0 . 7 - 1 9 . 6
D i m e t h y 1 1 , 2 - c y c 1 o h e x - 4 - e n e d  i c a r b o x y 1 a t e 1 9 . 8 - 1 4 . 8
D i m e t h y 1 1 - m e t h y 1 - 1 , 2 - c y c 1 o h e x - 4 - e n e d i c a r b o x y 1 a t e 2 4 . 3 -  5 . 7
D i m e t h y l 1 , 2 - c y c 1o h e p t a n e d  i c a r b o x y 1 a t e 2 0 . 3 - 1 1 . 0
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L a r g e  n e g a t i v e  e n t r o p i e s  o f  a c t i v a t i o n  a r e  o b s e r v e d  in b o t h  
S h e c h t e r * s  and  in t h e  p r e s e n t  s t u d y .
A n e g a t i v e  e n t r o p y  o f  a c t i v a t i o n  i s  p r e d i c t e d  f o r  a r e a c t i o n  
in w h i c h  t wo s u b s t r a t e s  a r e  b r o u g h t  t o g e t h e r  in t h e  r a t e  c o n t r o l l i n g  s t e p .  
H o w e v e r ,  t h e  r a t h e r  l a r g e  d i f f e r e n c e s  in t h e  t wo  c a s e s  i n d i c a t e  a d e c i d e d  
i n c r e a s e  in o r d e r i n g  n e c e s s a r y  in t h e  t r a n s i t i o n  s t a t e  f o r  c e r t a i n  
e s t e r s .
T h e  c o m b i n a t i o n  o f  a c o n s t a n t  e n t h a l p y  o f  a c t i v a t i o n  ( o r  
e n e r g y  o f  a c t i v a t i o n )  r e f l e c t s  a b a l a n c e  o f  t h e  e n t r o p y  a n d  f r e e  e n e r g y  
f a c t o r s ,  w h i c h  may be e x p r e s s e d  a s :
C o n s t a n t  =  A ( A F ) *  +  T A (  A s " ^ ) .
I f  t h e  t r a n s i t i o n  s t a t e  l o c a t e d  a t  t h e  t o p  o f  t h e  A  F " h i  I I "  o f  t h e  
r e a c t i o n ,  i s  c o m p a r e d  t o  t h a t  o f  a s i m i l a r  t r a n s i t i o n  s t a t e  a t o p  an 
e v e n  h i g h e r  h i l l ;  mo r e  e n e r g y  i s  n e c e s s a r y  t o  " o r d e r "  t h e  t r a n s i t i o n  
s t a t e  o f  t h e  h i g h e r  h i l l .  T h u s ,  a s s u m i n g  t h e  t r a n s i t i o n  s t a t e s  t o  
be o f  s i m i l a r  e n e r g i e s ,  an " o r d e r i n g "  o r  n e g a t i v e  e n t r o p y  c o n t r i b u t i o n  
s h o u l d  be o b s e r v e d .
Ba s e d  on t h e s e  a s s u m p t i o n s ,  t h e  r a t e s  w i l l  be c h i e f l y  d e t e r ­
m i n e d  by t h i s  e n t r o p y  f a c t o r .  A p l o t  o f  v e r s u s  r i n g  s i z e  i s  q u i t e  
s i m i l a r  t o  t h e  p l o t  o f  l og  v e r s u s  r i n g  s i z e  ( F i g u r e  1 6 ) .
Th e  q u e s t i o n  now a r i s e s  a s  t o  why t h e  t r a n s i t i o n  s t a t e s  a r e
s i m i l a r  in t h e s e  e x a m p l e s .  The  h y d r o g e n s  a I pha  t o  a c a r b o m e t h o x y  g r o u p  
a r e  a l l  s l i g h t l y  a c i d i c .  T h e  e f f e c t  o f  t h e  c a r b o n y l  g r o u p  m u s t  t e n d  
t o  o v e r s h a d o w  t h e  e f f e c t s  o f  r i n g  s t r a i n  and  o t h e r  i n t e r a c t i o n s ,  w h i c h  
may be p r e s e n t  ( a s  c h a n g e s  in h y b r i d i z a t i o n ) .  F u r t h e r ,  t h e  d e g r e e  o f
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bond  b r e a k i n g  and  o f  bond  m a k i n g  m u s t  be t h e  s ame  in a l l  t h e  t r a n s i t i o n  
s t a t e s .
- 5  
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( e . u . )
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R i n g  S i z e
F i g u r e  1 7 .  P l o t  o f  A V e r s u s  R i n g  S i z e  f o r  t h e
E p i m e r i z a t i o n  o f  1 , 2 - c y c I o a I k a n e d i c a r b o x y I a t e s .
T h e  t r a n s i t i o n  s t a t e  p r o b a b l y  d o e s  n o t  i n v o l v e  c o m p l e t e  r e m o v a l  






T h e  m e c h a n i s m  c o u l d  be f u r t h e r  i n v e s t i g a t e d  by s u b s t i t u t i o n  o f  
d e u t e r i u m  in t h e  a I p h a  p o s i t i o n .  T h e  r a t i o  o f  k ^ / k g  s h o u l d  r e m a i n  
c o n s t a n t  ( f r o m  e s t e r  t o  e s t e r )  i f  t h e  a b o v e  s t a t e  e x i s t s .
CHAPTER I I I
Cone  ! us  i on s
T h e  k i n e t i c s  o f  b a s e  c a t a l y z e d  e p i m e r i z a t i o n  o f  d i m e t h y l  c i s 
a n d  t r a n s - 1 , 2 - c y c I o a I k a n e d I c a r b o x y I a t e s  h a s  b e e n  shown t o  be a p s e u d o -  
f i r s t  o r d e r  p r o c e s s .  T h e  e f f e c t  o f  r i n g  s t r a i n ,  u n s a t u r a t i o n ,  and 
m e t h y l  s u b s t i t u t i o n  upon  t h e  r a t e s  o f  b a s e  c a t a l y z e d  e p i m e r i z a t i o n s  
o f  t h e s e  e s t e r s  h a s  b e e n  shown t o  be l a r g e l y  an  e n t r o p y  o f  a c t i v a t i o n  
e f f e c t .  Th e  a c t i v a t i o n  e n e r g i e s  o f  t h e  r e a c t i o n s  a r e  a p p r o x i m a t e l y  
c o n s t a n t .  T h i s  r e f l e c t s  a s i m i l a r i t y  in t h e  t r a n s i t i o n  s t a t e s ,  w h i c h  
c l o s e l y  r e s e m b l e  t h e  e n o i i c  f o r m s  o f  t h e  e s t e r s .  T h e  d i f f e r e n c e s  in 
t h e  r a t e s  o f  r e a c t i o n  a r e  p r i m a r i l y  d e t e r m i n e d  by t h e  e n t r o p y  o f  
a c t i v a t i o n  e f f e c t .  S t e r i c  i n t e r f e r e n c e s ,  w h i c h  a r e  p r o b a b l y  m a n i f e s ­
t a t i o n s  o f  t h i s  e n t r o p y  e f f e c t  c a n  q u a l i t a t i v e l y  a c c o u n t  f o r  t h e  r e l a t i v e  
r a t e s  o f  t h e  c y c l o h e x y l  s y s t e m s  s t u d i e d .
Th e  r e l a t i v e  r a t e s  o f  t h e  h o m o l o g o u s  s e r i e s  ( r i n g  s i z e  3 t o  7)  
a r e  a c c o m p a n i e d  by f a c t o r s  g i v e n  in t h e  f o l l o w i n g  t a b l e .  The  s t a b i l i ­
t i e s  o f  s e v e r a l  c y c l o h e x y l  s y s t e m s  a r e  e x a m i n e d  by c o n f o r m a t i o n a l  
a n a l y s i s  and f o u n d  t o  a g r e e  i n  a q u a l i t a t i v e  m a n n e r  w i t h  t h e  o b s e r v e d  
e q u i l i b r i u m  c o n s t a n t s  f o r  t h e  e q u i l i b r a t i o n  r e a c t i o n .
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T a b l e  10
A Summary o f  t h e  R a t e  D e t e r m i n i n g  F a c t o r s  f o r  t h e  E p i m e r i -  
z a t i o n  o f  1 , 2 - C y c I o a I k a n e d  i c a r b o x y I a t e s .
E s t e r R a t e  D e t e r m i n i n g  F a c t o r
D i m e t h y l  1 , 2 - c y c I o p r o p a n e d i -  
c a r b o x y I  a t e
d i s t o r t i o n  o f  sp-^ t o  s p  b o n d i n g  
in t h e  t r a n s i t i o n  s t a t e  i s  
u n f a v o r a b I e .
D i m e t h y l  1 , 2 - c y c I o b u t a n e d i -  
c a r b o x y l a t e
D i m e t h y l  1 , 2 - c y c I o p e n t a n e d i -  
c a r b o x y I  a t e
D i m e t h y l  1 , 2 - c y c I o h e x a n e d i -  
c a r b o x y I  a t e
Th e  c y c l o b u t y l  s y s t e m  i s  a s s u me d  
t o  be n o n p l a n a r  and  a s  i t  r e s e m b l e s  
t h e  c y c l o p e n t a n e  r i n g  s i m i l a r  
r a t e s  a r e  o b s e r v e d .
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A c h a n g e  f r o m sp  t o  sp'^ r e mo v e s  
i n t e r a c t i o n s  and  i s  f a v o r a b l e .
C h a n g e s  o f  h y b r i d i z a t i o n  i n t r o d u c e  
i n t e r a c t i o n s  i n t o  t h e  p e r f e c t l y  
s t a g g e r e d  g r o u n d  s t a t e  and  a r e  
u n f a v o r a b l e .
D i m e t h y l  1 , 2 - c y c I o h e p t a n e d i -  
c a r b o x y l a t e
A c h a n g e  f r o m s p  t o  sp  h y b r i d ­
i z a t i o n  r e m o v e s  i n t e r a c t i o n s  a nd  
i s  f a v o r e d .
CHAPTER IV 
EXPERIMENTAL
A l l  m e l t i n g  p o i n t s  a n d  b a i l i n g  p o i n t s  a r e  u n c o r r e c t e d .
D i a z o m e t h a n e  was  p r e p a r e d  f r o m EXR-101 ( Du P o n t  t r a d e m a r k )  ( N , N ’ -
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d i n i t r o s o - N , N * - d i m e t h y I t e r e p h t h a I  ami d e ) . N . m . r .  s p e c t r a  w e r e  o b t a i n e d
w i t h  a V a r i a n  A - 6 0  i n s t r u m e n t ,  u s i n g  t e t r a m e t h y I s i  I a n e  a s  an i n t e r n a l
s t a n d a r d .  C h e m i c a l  s h i f t s  a r e  r e p o r t e d  in 6 - v a l u e s  ( p . p . m .  f r o m TMS)
a n d  a r e  f o l l o w e d  by t h e  m u l t i p l i c i t y  o f  t h e  s i g n a l s .  I n f r a r e d  s p e c t r a
w e r e  r e c o r d e d  on a Beckman I R- 8  s p e c t r o p h o t o m e t e r .
T h i n  l a y e r  c h r o m a t o g r a p h y  was  p e r f o r m e d  on g l a s s  p l a t e s  (5 by
20  cm) c o a t e d  w i t h  Me r c k  ( D a r m s t a d t )  s i l i c a  g e l  H.  The  p l a t e s  w e r e
p l a c e d  in i o d i n e  v a p o r  f o r  v i s u a l i z a t i o n  o f  t h e  c h r o m a t o g r a m .
Gas  c h r o m a t o g r a p h i c  a n a l y s e s  w e r e  c o n d u c t e d  on a M i c r o T e k ,
GC- 1600  i n s t r u m e n t  w i t h  a f l a m e  i o n i z a t i o n  d e t e c t o r .  S e p a r a t i o n s  w e r e
d o n e  on s t a i n l e s s  s t e e l  c o l u m n s  ( l / s  i n c h ,  O . D . ,  10 f e e t  i n  l e n g t h )
p a c k e d  w i t h  2 0 ^  Ca r b o wa x  20M o r  2 0 ^  QF-1 on An a k r o m ABS ( 8 0 - 1 0 0  me s h )
a nd  o p e r a t e d  a t  t e m p e r a t u r e s  b e t w e e n  115 a n d  1 4 0 * .  H e l i u m  was  u s e d
f o r  t h e  c a r r i e r  g a s .  A summar y  o f  c o n d i t i o n s  f o r  t h e  s e p a r a t i o n s  i s
g i v e n  in t h e  t a b l e  b e l o w .
Known a n a l y t i c a l  s a m p l e s  o f  g a s  c h r o m a t o g r a p h i c a l l y  p u r e  e s t e r s




C o n d i t i o n s  Us ed  t o  S e p a r a t e  E p i m e r i c E s t e r s .
E s t e r Co 1umn T e m p e r a t u r e
oc
D i m e t h y 1 1 , 2 - c y c 1o p r o p a n e d  i c a r b o x y 1 a t e QF-1 140
D i m e t h y 1 1 , 2 - c y c 1o b u t a n e d i c a r b o x y l a t e C a r b o wa x  20M 140
D i m e t h y 1 1 , 2 - c y c 1o p e n t a n e d  i c a r b o x y l a t e C a r b o wa x  20M 130
D i m e t h y 1 1 , 2 - c y c 1o h e x a n e d i c a r b o x y 1 a t e C a r b o w a x  20M 130
D i m e t h y 1 
xy 1 a t e
1 - m e t h y 1 - 1 , 2 - c y c I o h e x a n e d i  c a r b o -
QF-1 135
D i m e t h y 1 1 , 2 - c y c 1 o h e x - 4 - e n e d  i c a r b o x y 1 a t  e C a r b o w a x  20M 130
D i m e t h y 1 1 - m e t h y 1 - 1 , 2 - c y c 1 o h e x - 4 - e n e d  i -  
c a r b o x y l a t e QF-1 115
D i m e t h y 1 1 , 2 - c y c 1o h e p t a n e d i c a r b o x y l a t e C a r b o w a x  20M 135
e x p e r i m e n t a l  e r r o r  t o  t h o s e  o f  t h e  known a n a l y t i c a l  s a m p l e s ,  a n d  no 
c o r r e c t i o n  f a c t o r s  f o r  t h e  r e l a t i v e  r e s p o n s e s  w e r e  n e c e s s a r y .  Th e  
r e l a t i v e  p e r c e n t a g e s  o f  e p i m e r s  w e r e  c a l c u l a t e d  u s i n g  t h e  m e t h o d  o f  
h a l f  p e a k  h e i g h t s . ^ 9  S a m p l e s  o f  d i m e t h y l  1 , 2 - c y c I o h e x a n e d i c a r b o x y l a t e  
w h i c h  c o n t a i n e d  l e s s  t h a n  1 2 ^  o f  t h e  c i s  e s t e r  w e r e  d e t e r m i n e d  by t h e  
r a t i o  o f  p e a k  h e i g h t s ,  w h i c h  w e r e  c o m p a r e d  w i t h  t h e  r e l a t i v e  h e i g h t s  
o f  known s a m p l e s .
4 2
M e t h y I e t h y I  1 , 2 - c y c ! o p r o p a n e d  i c a r b o x y I a t e ^ ^
T o l u e n e  ( 2 0 0  ml )  and  s o d i u m  h y d r i d e  ( 2 5  g ,  5 1 . 7 %  s u s p e n s i o n  
in o i l ,  1 . 0 4  m o l e s )  w e r e  a d d e d  t o  a one  l i t e r  t h r e e  n e c k  f l a s k  e q u i p p e d  
w i t h  a s t i r r e r ,  a d d i t i o n  f u n n e l ,  and  a F r i e d r i c h  c o n d e n s e r  w i t h  a d r y i n g  
t u b e ,  a l l  f l u s h e d  w i t h  n i t r o g e n .  A f t e r  f u r t h e r  f l u s h i n g  a m i x t u r e  o f  
e t h y l  c h I o r o a c e t a t e  (1 m o l e ,  122 g) a n d  m e t h y l  a c r y l a t e  (1 m o l e ,  8 6 g )  
was  a d d e d  d r o p w i s e .  T h e  t e m p e r a t u r e  was  k e p t  b e t w e e n  20 a n d  40®.  Th e
m i x t u r e  was  s t i r r e d  u n t i l  g a s  e v o l u t i o n  was  c o m p l e t e .  S m a l l  a m o u n t s  o f
m e t h a n o l  w e r e  t h e n  a d d e d  u n t i l  g a s  e v o l u t i o n  a g a i n  c e a s e d .  A f t e r  t h e  
a d d i t i o n  o f  s u f f i c i e n t  w a t e r  t o  d i s s o l v e  t h e  s o d i u m  c h l o r i d e  f o r m e d ,  
t h e  p h a s e s  w e r e  s e p a r a t e d ,  and t h e  o r g a n i c  p h a s e  was  w a s h e d  t h r e e  
t i m e s  w i t h  w a t e r  ( 25  ml )  a n d  o n c e  w i t h  s a t u r a t e d  s o d i u m  c h l o r i d e  
s o l u t i o n  ( 25  ml )  and  d r i e d  o v e r n i g h t  w i t h  a n h y d r o u s  m a g n e s i u m  s u l f a t e .  
A f t e r  r e m o v a l  o f  t h e  m a g n e s i u m  s u l f a t e  by f i l t r a t i o n ,  t h e  t o l u e n e  was  
d i s t i l l e d ,  ( b . p .  1 0 9 ° ) .  Th e  r e m a i n i n g  o i l  wa s  r a p i d l y  d i s t i l l e d ,  
b . p .  6 2 - l Q 0 ° / 0 . 4 m m .  T h e  l i q u i d  w h i c h  r e s u l t e d  was  r e d i s t i l l e d  t o
g i v e  7 0 . 2  g ( 40 . 8 %)  b . p .  5 2 - 5 4 ° / 0 . 3 5  mm, n[)24 1 . 4 4 1 6  ( l i t . ^ ^  b . p .
1 0 4 - 1 1 4 ° / l 5 m m ,  0 025  1 . 4 4 1 1 ) .
C i s - 1 , 2 - c y c 1o p r o p a n e d i c a r b o x y l i e  a c i d  
M e t h y l e t h y I  1 , 2 - c y c 1o p r o p a n e d i c a r b o x y l a t e  ( 7 0 . 2 g , 0 . 4 1  mo l e )  
was  h e a t e d  f o r  t h r e e  h o u r s  w i t h  50% e x c e s s  o f  a 15% s o d i u m  h y d r o x i d e  
s o l u t i o n  t o  e f f e c t  s a p o n i f i c a t i o n .  A l c o h o l s  a nd  w a t e r  w e r e  r e mo v e d  
u n d e r  v a c u u m,  and  t h e  s a l t  was  a c i d i f i e d  w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  
a c i d .  T h e  s o l u t i o n  w h i c h  r e s u l t e d  was  c o n t i n u o u s l y  e x t r a c t e d  w i t h  e t h e r  
f o r  t h r e e  d a y s .  Re mova l  o f  t h e  e t h e r  l e f t  a s o l i d  w h i c h  wa s  t h e n  t r e a t e d
4 3
w i t h  e x c e s s  a c e t i c  a n h y d r i d e .  A f t e r  t h e  s o l u t i o n  had  r e f l u x e d  o v e r n i g h t ,  
t h e  a c e t i c  a n h y d r i d e  was  d i s t i l l e d  l e a v i n g  an o i l  w h i c h  p r o d u c e d  c i s -
1 , 2 - c y c I o p r o p a n e d i c a r b o x y ! i c  a n h y d r i d e  upon d i s t i l l a t i o n ,  b . p .  9 7 ® / 0 . 3  
mm. The  a n h y d r i d e  was  h y d r o l y z e d  by w a r mi n g  w i t h  w a t e r .  By r e mo v a l  o f  
t h e  w a t e r  a s l i g h t l y  y e M o w  s o l i d  was  o b t a i n e d ,  ( 5 2 . 5 g ,  9 2 ^ ) .  W h i t e  
c r y s t a l s  w e r e  o b t a i n e d  by r e c r y s t a l l i z a t i o n  f r o m e t h y l  a c e t a t e ,  m . p . l 3 9 -  
140°  ( I i t . 5 0 ,  m . p . 1 3 9 « ) .
D i m e t h y l  c i s - 1 , 2 - c y c I o p r o p a n e d  i c a r b o x y  I a t e  
D i m e t h y l  c i s - 1 , 2 - c y c I o p r o p a n e d i c a r b o x y l a t e  was  p r e p a r e d  by 
t r e a t i n g  t h e  c i s  a c i d  d i s s o l v e d  in e t h e r  w i t h  a s o l u t i o n  o f  d i a z o ­
m e t h a n e  in e t h e r .  The  r e s u l t s  o f  t h i s  a n d  o t h e r  s y n t h e s e s  o f  e s t e r s
by t h i s  me t h o d  a r e  s u m m a r i z e d  in T a b l e  12 .
T r a n s - 1 , 2 - c y c I o p r o p a n e d  i c a r b o x y I  i c a c  i d 
A s o l u t i o n  o f  s o d i u m  m e t h o x i d e  ( 0 . 4 3  M) was  p r e p a r e d  by 
d i s s o l v i n g  s o d i u m  (1 g . ,  0 . 0 4 3  mo l e )  in m e t h a n o l  ( 1 0 0 m l )  w h i c h  had  
p r e v i o u s l y  be e n  d r i e d  by r e a c t i o n  w i t h  m a g n e s i u m .  To t h i s  s o l u t i o n  
was  a d d e d  d i m e t h y l  c i s - 1 , 2 - c y c I o p r o p a n e d  i c a r b o x y I  a t e  ( 3 4 g ,  0 . 2 2  m o l e )  
a n d  t h e  m i x t u r e  was  h e a t e d  f o r  t e n  h o u r s .
Th e  e s t e r  was  s a p o n i f i e d  by r e f l u x i n g  f o r  e i g h t  h o u r s  w i t h  
1 0 ^  p o t a s s i u m  h y d r o x i d e  s o l u t i o n  ( 1 5 0  m l ) .
T h e  s a p o n i f i c a t i o n  m i x t u r e  was  a c i d i f i e d  w i t h  c o n c e n t r a t e d  
h y d r o c h l o r i c  a c i d  and t h e n  c o n t i n u o u s l y  e x t r a c t e d  w i t h  e t h e r  f o r  e i g h t  
h o u r s .  The  e t h e r  was  r emove d  by d i s t i l  I a t  i on t o  y i e l d  a c r y s t a l  Ii  ne
m a t e r i a l  ( 2 3 . 3  g ,  8 3 % ), w h i c h  was  r e c r y s t a l l i z e d  f r o m an e t h e r - p e n t a n e
m i x t u r e  t o  g i v e  t h e  t r a n s  a c i d ,  m . p .  175°  ( l i t . ^ 1  m . p .  1 7 5 ° ) .
T a b l e  12
D i m e t h y l  E s t e r s  P r e p a r e d  by E s t é r i f i c a t i o n  w i t h  D i a z o m e t h a n e  S o l u t i o n
E s t e r
Y i e l d
(g)
Y i e l d
( ^ )
^D o q ( 1 i t . ) R e f , b . p .
(°c)
b . p .
R e f .
D i m e t h y l  c i s - 1 , 2 - c y c 1o p r o p a n e -  
d i c a r b o x y 1 a t e
3 2 . 3 9 7 . 5 1 . 4 4 3 4  
( 2 7 ° )
--- --- 5 9 / 0 . 6mm 2 0 0 - 2 0 2 61
D i m e t h y l  c i s - 1 , 2 - c y c 1o b u t a n e -  
d i c a r b o x y 1 a t e
31 . 6 8 8 . 5 1 . 4 4 5 3  
( 2 7 * )
1 . 4 4 3 0  
( 1 8 ° )
6 2 5 6 / 0 . 5 m m 85/ 3mm 41
D i m e t h y l  c i s - 1 , 2 - c y c 1o p e n t a n e -  
d i c a r b o x y 1 a t e
2 4 . 1 9 1 . 5 1 . 4 5 1 2  
( 2 7 ° )
1 . 4 5 2 8
( 2 0 * )
63 6 8 - 7 0 /
0 . 7mm
1 1 6 - 1 1 7 /
1 12mm
2 7
D i m e t h y l  c i s - 1 , 2 - c y c 1o h e x - 4 -  
e n e d  i c a r b o x y 1 a t e
31 . 6 9 4 . 0 1 . 4 7 0 8  
( 2 6 ° )
1 . 4 7 0 0  
( 2 5 ° )
4 0 7 7 / 0 . 7mm 1 1 0 - 1 1 3 /  
3  mm
69
D i m e t h y l  c i s - l - m e t h y 1 - 1 , 2 -  
c y c 1o h e x a n e d  i c a r b o x y 1 a t e
3 0 . 1 9 0 . 0 1 . 4 5 8 8  
(27°)
1 . 4 6 2 5  
( 2 0 ° )
5 9 6 9 - 7 1 /
0 . 5mm
98/ 2mm 5 9
D i m e t h y l  t r a n s - l - m e t h y 1 - 1 , 2 -  
c y c  1 o h e x a n e d  i c a r b o x y 1 a t e
2 4 . 0 9 2 . 5 1 . 4 5 9 4  
( 2 5 ° )
1 . 4 6 3 9  
( 2 0 ° )
5 9 5 4 - 5 5 /
0 . 2mm
9 5 / 2mm 5 9
D i m e t h y l  c i s - 1 , 2 - c y c 1o h e p t a n e -  
d i c a r b o x y l a t e 2.7 8 2 . 0 1 . 4 6 5 1
( 2 6 ° )
1 . 4 6 5 9
(20°)





D i m e t h y !  t r a n s - 1 , 2 - c y c I o p r o p a n e d i c a r b o x y l a t e  
D i m e t h y l  t r a n s - 1 , 2 - c y c I o p r o p a n e d i c a r b o x y I  a t e was  p r e p a r e d  f r o m 
t h e  t r a n s  a c i d  w i t h  F i s c h e r  e s t é r i f i c a t i o n  c o n d i t i o n s . 4 °  The  r e s u l t s  
o f  s y n t h e s e s  o f  e s t e r s  by t h i s  m e t h o d  a r e  l i s t e d  i n  T a b l e  13 .
C I s - 1 , 2 - c y c I o b u t a n e d i c a r b o x y I i c  A c i d  
C i s - 1 , 2 - c y c l o b u t a n e d i c a r b o x y I i c  a n h y d r i d e  ( 6 2 . 2  g ,  0 . 4 9  
m o l e )  ( s a m p l e  p r o v i d e d  by D r .  J .  J .  B l o o m f i e l d )  wa s  a l l o w e d  t o  r e a c t  
o v e r n i g h t  w i t h  w a t e r .  The  m i x t u r e  was  e x t r a c t e d  t h r e e  t i m e s  w i t h  
e t h y l  a c e t a t e  (25 ml )  a nd  t h e  e t h y l  a c e t a t e  s o l u t i o n  was  d r i e d  o v e r  
a n h y d r o u s  m a g n e s i u m  s u l f a t e .  T h e  d r i e d  s o l u t i o n  wa s  f i l t e r e d  a nd  t h e n  
t h e  s o l v e n t  wa s  r e mo v e d  by d i s t i l l a t i o n .  T h e  a c i d  c r y s t a l l i z e d  ( 6 2 . 9  g ,  
8 9 ^ )  a n d  a f t e r  r e c r y s t a l l i z a t i o n  f r o m  an e t h e r - p e n t a n e  m i x t u r e  g a v e  
m . p .  1 3 9 - 1 4 0 ° .  ( I  i t . 5 2  m . p .  1 3 8 ° ) .
D i m e t h y I  c i s - 1 , 2 - c y c I o b u t a n e d  i c a r b o x y I  a t e  
D i m e t h y l  c i s - 1 , 2 - c y c l o b u t a n e d i c a r b o x y l a t e  wa s  p r e p a r e d  by 
e s t é r i f i c a t i o n  o f  t h e  c i s  a c i d  w i t h  d i a z o m e t h a n e .  Th e  r e s u l t s  a r e  
s hown  in T a b l e  1 2 .  E s t e r  p r e p a r e d  in t h i s  m a n n e r  was  shown t o  be 
9 6 . 0 ^  c i s , t r a n s  by g a s  c h r o m a t o g r a p h y .
T r a n s - 1 , 2 - c y c l o b u t a n e d i c a r b o x y I i c  Ac i d 
A s o l u t i o n  o f  s o d i u m  m e t h o x i d e  was  p r e p a r e d  ( 0 . 2  M) by 
d i s s o l v i n g  s o d i u m  ( 0 . 5  g ,  0 . 0 2  m o l e s  in d r y  m e t h a n o l  ( 1 0 0  m l ) .
D i m e t h y l  c i s - 1 , 2 - c y c I o b u t a n e d i c a r b o x y l a t e  ( 25  g , 0 . 1 7  m o l e )  was  a d d e d  
a n d  t h e  s o l u t i o n  was  r e f l u x e d  f o r  t w e l v e  h o u r s .  P o t a s s i u m  h y d r o x i d e  
( 1 5 0  ml o f  1 0 ^  s o l u t i o n )  was  a d d e d  a n d  t h e  m i x t u r e  h e a t e d  a t  r e f l u x
T a b l e  13
D i m e t h y l  E s t e r s  P r e p a r e d  by U s e  o f  F i s h e r  E s t é r i f i c a t i o n  T e c h n i q u e s 4 0
E s t e r
Y i e l d
( g )
Y i e l d
( $ )
"D Hq ( 1 i t . ) R e f .
b . p . b 
(OC) ( !
• p .
i t . , O c )
R e f .
D i m e t h y l  t r a n s - 1 , 2 - c y c 1o p r o p a n e ­
d i  c a r b o x y  1 a t  e 1
1 8 . 1 6 4 . 0 1 . 4 5 2 3  
( 2 6 * )
1 . 4 4 7 2  
( 1 8 " )
71 6 1 - 6 3 /  2 1 9 - 2 2 0  
0  ,5mm
6 4
D i m e t h y l  t r a n s - 1 , 2 - c y c 1o b u t a n e -  
d i c a r b o x y l a t e
1 . 0 5 8 . 0 1 . 4 4 3 0  
( 2 5 " )
— 5 3 / 0 c 4 m m 1 1 4 /
20mm
62
D i m e t h y l  t r a n s - 1 , 2 - c y c l o p e n t a n e -  
d i c a r b o x y l a t e
7 , 5 5 4 , 0 1 . 4 4 8 2  
( 2 5 " ;
1 . 4 ^ 9 1  
( 2 T « ;
63 5 9 / 0 . 7mm 1 1 9 - 1 2 0 /
1 6mm
2 7
D i m e t h y l  c J ^ - 1 , 2 - c y c I o h e x ­
a n e d  i c a r b o x y  1 a t e
1 9 2 , 5 6 4 . 0 1 . 4 5 7 8  
( 2 5 " )
1 . 4 5 7 0  
( 2 5 " )
4 0 7 3 - 7 5 /  
1 .3mm
1 3 6 . 2 /
18mm
2 8
D i m e t h y l  t r a n s - 1 , 2 - c y c 1o h e x ­
a n e d  i c a r b o x y  1 a t e
2 4 . 0 8 0 . 0 1 . 4 5 1 8  
( 2 5 " )
1 . 4 5 3 9  
( 2 4 " )
5 6  
m » p •
5 8 / l . 3 m m  
3 3 . 5 - 3 5
7 2 - 7 5 /
5 - 8mm 





f o r  an a d d i t i o n a l  10 h o u r s .  A l c o h o l s  and  w a t e r  w e r e  t h e n  r e mo v e d  u n d e r  
r e d u c e d  p r e s s u r e .  Th e  s o l u t i o n  was  a c i d i f i e d  w i t h  c o n c e n t r a t e d  h y d r o ­
c h l o r i c  a c i d  a n d  c o n t i n u o u s l y  e x t r a c t e d  w i t h  e t h e r  f o r  3 6  h o u r s .  The  
e t h e r e a l  s o l u t i o n  was  d r i e d ,  f i l t e r e d  and  t h e n  s t r i p p e d  l e a v i n g  a y e l l o w  
s o l i d .  W h i t e  c r y s t a l s  w e r e  o b t a i n e d  by r e c r y s t a l l i z a t i o n  ( 1 2 . 1  g ,
58fo) m . p .  131°  ( I  i t . 5 2  m . p .  1 3 1 ° ) .
D i me t h y I  t r a n s - 1 , 2 - c y c I o b u t a n e d i c a r b o x y I  a t e  
D i m e t h y l  t r a n s - 1 , 2 - c y c I o b u t a n e d  i c a r b o x y I  a t e  was  p r e p a r e d  by 
e s t é r i f i c a t i o n  o f  t h e  t r a n s  a c i d  w i t h  F i s c h e r  e s t é r i f i c a t i o n  c o n d i t i o n s .  
The  r e s u l t s  a r e  l i s t e d  in T a b l e  1 3 .  Th e  t r a n s  e s t e r  p r e p a r e d  in t h i s  
m a n n e r  was  shown  g a s  c h r o m a t o g r a p h i c a l l y  t o  be  96 ,5%  p u r e .
1 , 2 - C y c I o p e n t a n e d i c a r b o x y I i c  Ac i d 
T e t r a e t h y l - 1 , 1 , 5 , 5 - p e n t a n e t e t r a c a r b o x y l a t e . S o d i u m ( 5  g,
0 . 2 2  m o l e )  was  d i s s o l v e d  in a b s o l u t e  e t h a n o l  ( 1 0 0  m l ) ,  a n d  t h e  s o l u t i o n  
was  c o o l e d .  D i e t h y l  m a l o n a t e  ( 1 9 4  g . ,  1 . 2  m o l e s )  was  a d d e d  a t  a r a t e  
s u f f i c i e n t  t o  k e e p  t h e  s o d i u m  e n o l a t e  in s o l u t i o n  by t h e  h e a t  g e n e r a t e d .  
The  s o l u t i o n  was  s t i r r e d  and  h e a t e d  u n d e r  r e f l u x ,  a n d  t r i m e t h y l e n e  
b r o m i d e  ( 20  g ,  0 . 1  m o l e )  was  a d d e d  d r o p w i s e  o v e r  a t h i r t y  m i n u t e  p e r i o d .  
Th e  s o l u t i o n  was  t h e n  r e f l u x e d  f o r  t w e l v e  h o u r s .  E t h a n o l  was  r e mo v e d  
by d i s t i l l a t i o n  u n d e r  v a c u u m.  W a t e r  ( 80  ml )  w h i c h  c o n t a i n e d  s u l f u r i c  
a c i d  was  a d d e d  t o  t h e  c o n c e n t r a t e d  r e s i d u e ,  t o  r e mo v e  t h e  s o d i u m  
b r o m i d e  and e x c e s s  b a s e .  A f t e r  s e p a r a t i o n  o f  t h e  p h a s e s ,  t h e  a q u e o u s  
l a y e r  was  e x t r a c t e d  t h r e e  t i m e s  w i t h  e t h e r  ( 1 0 0  ml )  and  t h e  e t h e r  
w a s h i n g s  c o m b i n e d  w i t h  t h e  o r g a n i c  p h a s e .  Th e  e t h e r e a l  p h a s e  was  
d r i e d  o v e r  a n h y d r o u s  s o d i u m  s u l f a t e .  The  s o l u t i o n  was  f i l t e r e d  a n d  t h e
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e t h e r  was  s t r i p p e d .  T h e  r ema i n i n g  o i l  was  d i s t i l l e d  t h r o u g h  a s i x  i n c h  
V i g r e u x  c o l u mn  t o  g i v e  t e t r a e t h y I - 1 , 1 , 5 , 5 - p e n t a n e t e t r a c a r b o x y I  a t e ,
( 1 3 . 2  g ,  3 6 . 4 ^ ) ,  b . p .  l 5 7 - 1 6 0 ° / o , 5  m m ,  ( I  i t . 4 2 ,  b . p .  1 9 8 - 2 0 2 ) .
The  a b o v e  e s t e r  was  p r e p a r e d  by a m o d i f i e d  r e a c t i o n  i n  s u b s t a n ­
t i a l l y  b e t t e r  y i e l d .
S o d i u m  h y d r i d e  ( 2 0  g ,  0 . 8 5  m o l e )  was  w a s h e d  f o u r  t i m e s  w i t h  
d r y  b e n z e n e  in a t wo  l i t e r  t h r e e  n e c k e d  f l a s k  w i t h  a s i n t e r e d  g l a s s  
f i l t e r  s e a l e d  in t h e  b o t t o m ,  a n d  f i t t e d  w i t h  a s t i r r e r ,  F r i e d r i c h  c o n ­
d e n s e r ,  a n d  a d d i t i o n  f u n n e l .  D i m e t h y l  s u l f o x i d e  ( 4 0 0  ml )  was  a d d e d  t o  
t h e  wa s h e d  s o d i u m  h y d r i d e ,  f o l l o w e d  by t h e  a d d i t i o n  o f  d i e t h y l  m a l o n a t e  
( 3 8 4  g ,  2 . 4  m o l e s ) .  A f t e r  t h e  m i x t u r e  had  b e e n  c o o l e d ,  t r i m e t h y l e n e  
b r o m i d e  ( 4 0 . 4  g ,  0 . 2  m o l e )  was  a d d e d  d r o p w i s e  w h i l e  h e a t  was  s u p p l i e d  
by a s t e a m  b a t h .  A f t e r  t h e  a d d i t i o n  was  a l m o s t  c o m p l e t e ,  t h e  r e a c t i o n  
m i x t u r e  t u r n e d  w h i t e  a nd  be c a me  v i s c o u s .  T h i s  m i x t u r e  was  s t i r r e d  
v i g o r o u s l y  f o r  o n e  h o u r  a t  a b o u t  95® a n d  t h e n  p o u r e d  o n t o  i c e  
(1 l i t e r ) .  A f t e r  t h e  m i x t u r e  h a d  b e e n  s t i r r e d  f o r  t e n  m i n u t e s ,  
t h e  p h a s e s  w e r e  s e p a r a t e d  and  t h e  a q u e o u s  l a y e r  was  w a s h e d  t h r e e  t i m e s  
w i t h  e t h e r  ( 1 0 0  m l ) .  Th e  e t h e r  w a s h e s  w e r e  a d d e d  t o  t h e  o r g a n i c  p h a s e  
a n d  i t  was  w a s h e d  t h r e e  t i m e s  w i t h  w a t e r  ( 1 0 0  m l ) .  T h e  o r g a n i c  p h a s e  
was  d r i e d  w i t h  m a g n e s i u m  s u l f a t e .  A f t e r  f i l t r a t i o n  o f  t h e  m a g n e s i u m  
s u l f a t e ,  t h e  e t h e r  was  r emo v e d o  Th e  o r g a n i c  p h a s e  was  f r a c t i o n a t e d  
t o  y i e l d  t h r e e  f r a c t i o n s ;
F r a c t i o n  I :  b . p .  6 0 - 7 0 ° / 0 . 8  mm, r e c o v e r e d  d i e t h y l  m a l o n a t e ,  ( 3 0 0  m l ) .
F r a c t i o n  I I :  b . p .  1 2 0 - 1 4 0 ° / O . 8  mm, n02 5  1 . 4 5 0 5 ,  8  m l .  m o n o a d d i t i o n
p r o d u c t .
4 9
F r a c t i o n  M l :  b . p .  1 6 0 - 1 6 4 « / 0 . 8  mm, 0^25  1 . 4 4 3 9 .  ( l i t . 4 2  b . p .  1 9 8 - 2 0 2 ° /
2 . 5  mm) .  ( 5 0 . 0  g,  70%) c o n s i s t e d  o f  t h e  d e s i r e d  e s t e r .
T e t r a e t h y l - 1 , 1 , 2 , 2 - c y c l o p e n t a n e t e t r a c a r b o x y l a t e . S o d i u m 
( 6 . 4 4  g ,  0 . 2 8  m o l e )  was  a d d e d  t o  a b s o l u t e  e t h a n o l  ( 2 0 0  m l ) .  A f t e r  t h e  
r e a c t i o n  had  c e a s e d  t e t r a e t h y 1 - 1 , 1 , 5 , 5 - p e n t a n e t e t r a c a r b o x y l a t e  was  a d d e d  
s l o w l y .  A f t e r  t h e  r e a c t i o n  m i x t u r e  had c o o l e d ,  b r o m i n e  ( 4 9 . 0  g ,  0 , 3 2  
m o l e )  was  a d d e d  w i t h  s t i r r i n g  a n d  c o o l i n g .  When a d d i t i o n  was  c o m p l e t e  
e t h a n o l  was  r e mo v e d  u n d e r  v a c u u m.  Th e  r e s i d u e  wa s  t r i t u r a t e d  w i t h  w a t e r  
a n d  t h e  p h a s e s  s e p a r a t e d .  T h e  a q u e o u s  p h a s e  was  w a s h e d  w i t h  e t h e r  ( 25  ml )  
t h r e e  t i m e s  a n d  t h e  c o m b i n e d  e t h e r  p h a s e s  w e r e  a l s o  w a s h e d  w i t h  w a t e r  
( 5 0  m l ) .  Th e  e t h e r e a l  p h a s e  was  d r i e d  o v e r  a n h y d r o u s  m a g n e s i u m  s u l f a t e .  
A f t e r  f i l t r a t i o n  o f  t h e  m a g n e s i u m  s u l f a t e ,  t h e  e t h e r  was  r e m o v e d ,  and 
t h e  r e s i d u e  was  d i s t i l l e d  t o  y i e l d  t e t r a e t h y 1 - 1 , 1 , 2 , 2 , - c y c I o p e n t a n e -  
t e t r a c a r b o x y l a t e  ( 3 0 . 2  g ,  6 0 . 0 % ) ,  b . p .  1 3 8 ° / o . 4 m m .
T r a n s - 1 , 2 - c y c  I o p e n t a n e d  i c a r b o x y  I i c  a c i  d,.
T e t r a e t h y l - 1 , 1 , 2 , 2 - c y c I o p e n t a n e d  i c a r b o x y I  a t e . ( 3 0 . 2  g ,  0 . 0 9  
m o l e )  was  h e a t e d  w i t h  a m i x t u r e  o f  c o n c e n t r a t e d  s u l f u r i c  a c i d  ( 50  m l ) ,  
g l a c i a l  a c e t i c  a c i d  ( 50  m l ) ,  and w a t e r  ( 1 5 0  m l ) ,  w i t h  c o n c u r r e n t  d i s t i l ­
l a t i o n  o f  e t h y l  a c e t a t e .  When f o r m a t i o n  o f  e t h y l  a c e t a t e  c e a s e d  
t h e  m i x t u r e  was  c o n t i n u o u s l y  e x t r a c t e d  w i t h  e t h e r  f o r  2 4  h o u r s .  The  
m i x t u r e  was  t h e n  n e u t r a l i z e d  w i t h  s o d i u m  b i c a r b o n a t e ,  a n d  t h e n  made 
b a r e l y  a c i d i c  w i t h  h y d r o c h l o r i c  a c i d .  T r a n s - 1 , 2 - c y c I o p e n t a n e d  i c a r b o x y -  
l i c  a c i d  was  e x t r a c t e d  f r o m  t h e  s o l u t i o n  w i t h  e t h y l  a c e t a t e .  Upon 
r e m o v a l  o f  t h e  e t h y l  a c e t a t e ,  c r y s t a l s  o f  c r u d e  p r o d u c t  w e r e  f o r m e d ,  
w h i c h  w e r e  r e c r y s t a l  I i z e d  f r o m w a t e r ,  and  d e c o l o r i z e d  w i t h  N o r i t e  t o
5 0
y i e l d  w h i t e  c r y s t a l s ,  ( 3 . 2  g ,  2 1 . 0 ^ ) ,  m . p .  1 5 9 - 1 6 0 °  ( l i t . ^ ^ ,  m . p .  1 6 0 ° ) .  
Of  s e v e r a l  a t t e m p t s  t h i s  p r o v e d  t o  be  t h e  b e s t  y i e l d .
T r a n s - 1 , 2 - c y c I o p e n t a n e d  i c a r b o x y c I i  c Ac i d
- 5 - c h I o r o p e n t a n o a t e . A c e t y l  c h l o r i d e  ( r e d i s ­
t i l l e d ,  3 1 6  g,  4 . 0  m o l e s )  was  a d d e d  o v e r  a p e r i o d  o f  an h o u r  t o  e t h y l  
t e t r a h y d r o f u r o a t e  ( b . p .  1 8 8 - 1 8 9 ° ,  0Q25 1 . 4 3 3 ,  291 g ,  2 m o l e s ,  s a m p l e  
p r o v i d e d  by t h e  Q u a k e r  O a t s  Company)  and f u s e d  z i n c  c h l o r i d e  (1 g) a t  
5 0 - 6 5 ° .  A f t e r  a d d i t i o n  o f  t h e  a c e t y l  c h l o r i d e ,  an a d d i t i o n a l  q u a n t i t y  
o f  z i n c  c h l o r i d e  (1 g) was  a d d e d  and  t h e  s o l u t i o n  was  r e f l u x e d  f o r  
f i v e  h o u r s .  T h e  a c e t y l  c h l o r i d e  was  r e mo v e d  by d i s t i l l a t i o n  and  t h e  
s o l u t i o n  was  f i l t e r e d  t o  r e mo v e  s u s p e n d e d  s o l i d s .  The  m a t e r i a l  was  
t h e n  c r u d e l y  d i s t i l l e d  t o  y i e l d  a p i n k ,  v i s c o u s  l i q u i d  ( 4 0 0  m l ) .  The  
o i l  was  d i s t i l l e d  t h r o u g h  a o n e  f o o t  V i g r e u x  c o l u mn  and y i e l d e d  3 8 5 . 8  g ,  
( 8 6 . 8 ^ ) ,  e t h y l  2 - a c e t o x y - 5 - c h I o r o p e n t a n o a t e ,  b . p . 7 5 ° / 0 . 2 5  mm, and  no25  
1 . 4 4 1 0  ( I i t . ' ^ ^  b . p . l 2 0 - 1 3 2 ° / 7 . 0  mm, n^ f O 1 . 4 4 2 8 ) .
E t h y l  2 - h y d r o x y - 5 - c h ! o r o p e n t a n o a t e . E t h y l  2 - a c e t o x y - 5 -  
ch  I o r o p e n t a n o a t e  ( 3 8 6  g ,  1.74 moi  e s )  in m e t h a n o l  ( 7 0 0  g) and  c o n c e n ­
t r a t e d  h y d r o c h l o r i c  a c i d  ( 7  ml )  was  r e f l u x e d  t e n  h o u r s .  The  m e t h y l  
a c e t a t e  and  m e t h a n o l  a z e o t r o p e  b . p .  5 4 °  ( I  i t . 4 3  b . p .  5 4 ° )  was  r e mo y e d  
a s  f o r m e d .  The  a l c o h o l s  and  m e t h y l  a c e t a t e  w e r e  r e mo v e d  u n d e r  vac uum 
t o  y i e l d  e t h y l  2 - h y d r o x y - 5 - c h I o r o p e n t a n o a t e  ( 2 6 5 . 4  g ,  8 4 . 0 % ,  c a l c u l a t e d  
a s  t h e  e t h y l  e s t e r . )
E t h y l  2 . 5 - d i c h I o r o p e n t a n o a t e . E t h y l  2 - h y d r o x y - 5 - c h I o r o p e n t a n o a t e  
( 2 6 5 . 4  g ,  1 . 4 7  m o l e s )  was  d i s s o l y e d  in p y r i d i n e  ( 1 8 0  g,  2 . 3  m o l e s )  a nd  
c y c l o h e x a n e  ( 6 0 0  m l ) .  The  s o l u t i o n  was  c o o l e d  t o  1 5 ° .  T h i o n y l  c h l o r i d e  
( 3 2 0  g ,  2 . 5  m o l e s )  was  a d d e d ,  a nd  t h e  t e m p e r a t u r e  c a r e f u l l y  m a i n t a i n e d
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f r o m 1 5 - 2 0 ° .  A f t e r  a d d i t i o n  o f  t h e  t h i o n y l  c h l o r i d e  was  c o m p l e t e ,  t h e  
t e m p e r a t u r e  was  r a i s e d  t o  75°  f o r  t h i r t y  m i n u t e s .  Th e  r e a c t i o n  m i x t u r e  
was  p o u r e d  o v e r  o n e  l i t e r  o f  i c e .  The  p h a s e s  w e r e  s e p a r a t e d .  The  
o r g a n i c  p h a s e  was  d r i e d  o v e r  a n h y d r o u s  m a g n e s i u m  s u l f a t e .  Th e  c y c l o ­
h e x a n e  was  r e mo v e d  u n d e r  va c uum and t h e  r e s i d u a l  o i l  d i s t i l l e d ,  t o  
y i e l d  t h e  d e s i r e d  e s t e r  ( 1 9 4 . 9  g ,  73%) ,  b . p .  66®/ 0 . 4mm and  n o 2 7  1 . 4 5 7 5 ,
(I  i t . 43  b . p .  7 7 - 7 9 ° / 2 m m  a n d  nQ20 1 . 4 6 1 0 ) .
E t h y l  2 , 5 - d i i o d o p e n t a n o a t e . E t h y l  2 , 5 - d i c h I o r o p e n t a n o a t e  
( 195  g ,  1 . 0 7  m o l e s )  was  r e f i u x e d  w i t h  t wo  l i t e r s  o f  a c e t o n e  c o n t a i n i n g  
s o d i u m  i o d i d e ,  ( 4 0 0  g ,  2 . 6 7  m o l e s )  f o r  18 h o u r s .  S o d i u m c h l o r i d e  was  
r e mo v e d  by f i l t r a t i o n ,  a n d  t h e  a c e t o n e  was  r e mo v e d  u n d e r  va c u u m.  T h e  d i i o d o -  
e s t e r  was  t a k e n  up in e t h e r ,  d r i e d  o v e r  a n h y d r o u s  m a g n e s i u m  s u l f a t e ,  
a nd  f i l t e r e d .  T h e  e t h e r  was  r e mo v e d  t o  y i e l d  3 5 4  g ( 8 4 . 5 % ) ,  e t h y l  
2 , 5 - d i i o d o p e n t a n o a t e ,  n o 2 5  1 . 5 6 7 2 .
T r a n s - 1 , 2 - c y c I o p e n t a n e d i  c a r b o x y l i e  a c i d . A m i x t u r e  o f  d i e t h y l  
m a l o n a t e  ( 1 4 2  g ,  0 . 8 8  m o l e s )  and e t h y l  2 , 5 - d i i o d o p e n t a n o a t e  ( 3 5 4 . 0  g ,
0 . 8 6  m o l e s )  a nd  a s o l u t i o n  o f  s o d i u m  e t h o x i d e  ( p r e p a r e d  by a d d i t i o n  
o f  s o d i u m  ( 3 2 . 5  g,  1 . 4 2  m o l e s )  t o  a b s o l u t e  e t h a n o l  ( 8 0 0  ml )  w e r e  a d d e d  
c o n c u r r e n t l y  t o  a s t i r r e d  s o l u t i o n  o f  t h e  d i i o d o  e s t e r  ( 30  g) in a n h y ­
d r o u s  e t h a n o l  ( 1 0 0  ml )  a t  a r a t e  s o  t h a t  a d d i t i o n  was  c o m p l e t e d  in t h e  
same l e n g t h  o f  t i m e  ( 45 m i n u t e s ) .  Th e  s o l u t i o n  was  t h e n  r e f l u x e d  t e n  
h o u r s .  Th e  c r u d e  e s t e r  was  e x t r a c t e d  w i t h  e t h e r  and  t h e  e t h e r  was  t h e n  
r e mo v e d  by d i s t i l l a t i o n .  The  c r u d e  e s t e r  was  h y d r o l y z e d  a n d  t h e n  d e -  
c a r b o x y l a t e d  by h e a t i n g  w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  f o r  96 h o u r s .
The  s o l u t i o n  was  d e c o l o r i z e d  w h i l e  h o t  w i t h  a c t i v a t e d  c h a r c o a l .  Upon 
c o o l i n g  t h e  s o l u t i o n  was  e x t r a c t e d  w i t h  e t h y l  a c e t a t e  a n d  t h e  c o m b i n e d
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e t h y l  a c e t a t e  s o l u t i o n s  w e r e  d r i e d  o v e r  a n h y d r o u s  m a g n e s i u m  s u l f a t e .  
Upon f i l t r a t i o n  a n d  r e m o v a l  o f  t h e  e t h y l  a c e t a t e ,  l i g h t  p u r p l e  c r y s t a l s  
w e r e  o b t a i n e d ,  5 9 . 5  g ( 4 3 %) .  T h e  a c i d  was  w a s h e d  w i t h  b e n z e n e  t o  
r e mo v e  t h e  p u r p l e  c o l o r .  The  w h i t e  c r y s t a l s  f r o m t h i s  t r e a t m e n t  had 
m . p . l 6 4 °  ( I  i t . 43  m . p .  1 6 2 - 1 6 3 * ) .
C i s - 1 , 2 - c y c I o p e n t a n e d i c a r b o x y I i c  Ac i d 
T r a n s - 1 , 2 - c y c l o p e n t a n e d i  c a r b o x y  I i  c a c i d  ( 2 5  g ,  0 . 1 6  m o l e )  was  
r e f l u x e d  w i t h  e x c e s s  a c e t i c  a n h y d r i d e  f o r  2 4  h o u r s .  T h e  a c e t i c  a n h y ­
d r i d e  was  t h e n  r e mo v e d  by d i s t i l l a t i o n ,  a n d  t h e  r e s i d u e  d i s t i l l e d .
T h e  d i s t i l l a t e  was  h e a t e d  w i t h  w a t e r  f o r  t wo  h o u r s .  The  s o l u t i o n  was  
t h e n  e x t r a c t e d  w i t h  e t h y l  a c e t a t e  a n d  t h e  e t h y l  a c e t a t e  s o l u t i o n s  w e r e  
d r i e d  o v e r  a n h y d r o u s  m a g n e s i u m  s u l f a t e .  A f t e r  f i l t r a t i o n  o f  t h e  mag­
n e s i u m  s u l f a t e  and  r e m o v a l  o f  t h e  e t h y l  a c e t a t e ,  c r y s t a l s  o f  a c i d  
r e m a i n e d ,  ( 2 2 . 7  g ,  9 0 . 8 % ) .  T h e  a c i d  was  r e c r y s t a l l i z e d  f r o m a c e t o n e  
t o  m . p .  140» (I i t . 5 4  u i » ) .
D i m e t h y l  c i s - l , 2 - c y c I o p e n t a n e d  i c a r b o x y I  a t e  
D i m e t h y l  c i s - 1 , 2 - c y c l o p e n t a n e d i c a r b o x y I  a t e  was  p r e p a r e d  by 
e s t é r i f i c a t i o n  o f  t h e  c i s  a c i d  w i t h  d i a z o m e t h a n e . The  d a t a  a r e  l i s t e d  
i n  T a b l e  1 2 .
D i m e t h y I  t r a n s — 1 , 2 - c y c I o p e n t a n e d  i c a r b o x y I  a t e  
T h i s  e s t e r  was  p r e p a r e d  u s i n g  t h e  s ame c o n d i t i o n s  a s  t h e  t r a n s  
c y c l o p r o p y l  e s t e r .  The  r e s u l t s  a r e  in T a b l e  13 .
Ci  s - 1 , 2 - c y c I o h e x a n e d  i c a r b o x y I i  c Ac Id 
C i s - 1 , 2 - c y c I o h e x a n e d i c a r b o x y I i  c a c i d  a n h y d r i d e  ( 7 7 . 0  g ,  0 . 5  
m o l e )  was  h e a t e d  w i t h  w a t e r  o v e r n i g h t  t o  y i e l d  c i s - 1 , 2 - c y c I o h e x a n e -
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c a r b o x y l i c  a c i d  ( 8 6 . 0  g ,  100%) .  T h e  a c i d  had m . p .  194® ( l i t .  194®) 
when  r e c r y s t a l l i z e d  f r om w a t e r - a c e t o n e .
D i m e t h y I  c i s - 1 , 2 - c y c I o h e x a n e d  i c a r b o x y I  a t e  
D i m e t h y l  c i s - 1 , 2 - c y c I o h e x a n e d i c a r b o x y l a t e  was  p r e p a r e d  w i t h  
F i s c h e r  e s t e r f i c a t i o n  c o n d i t i o n s .  T h e  d a t a  f r o m t h i s  s y n t h e s i s  i s  in 
T a b l e  13 .
T r a n s - 1 , 2 - c y c I o h e x a n e d  i c a r b o x y I  i c Ac i d 
A s o l u t i o n  o f  s o d i u m  m e t h o x i d e  was  p r e p a r e d  by d i s s o l v i n g  
s o d i u m  (1 g ,  0 . 0 4  mo l e )  in d r y  m e t h a n o l  ( 2 0 0  m l ) .  D i m e t h y l  c i s - 1 , 2 -  
c y c I o h e x a n e d i c a r b o x y I  a t e  ( 60  g ,  0 . 3  m o l e )  was  a d d e d  a n d  t h e  s o l u t i o n  
wa s  r e f l u x e d  f o r  e l e v e n  h o u r s .  P o t a s s i u m  h y d r o x i d e  s o l u t i o n  ( 3 0 0  ml 
o f  12%) was  a d d e d  a nd  r e f l u x  was  c o n t i n u e d  f o r  t w e l v e  h o u r s .  The  
a l c o h o l s  a n d  w a t e r  w e r e  r e mo v e d  u n d e r  r e d u c e d  p r e s s u r e ,  and t h e  s o l u ­
t i o n  was  ma de  a c i d i c  w i t h  h y d r o c h l o r i c  a c i d .  The  a c i d  ( 5 2  g ,  q u a n t i ­
t a t i v e  y i e l d )  wa s  r e mo v e d  by f i l t r a t i o n  and  had  m . p .  2 1 6 - 2 1 7 ® .  Upon 
r e c r y s t a l l i z a t i o n  f r o m w a t e r - a c e t o n e  t h e  a c i d  g a v e  m.  p .  221® ( l i t . ^ ^ ,  
m . p .  2 1 5 ° ) .
D i m e t h y I  t r a n s - 1 , 2 - c y c I o h e x a n e d i  c a r b o x y l a t e  
T h e  p r e p a r a t i o n  o f  t h i s  e s t e r  u t i l i z e d  t h e  s a me  r e a c t i o n  
c o n d i t i o n s  a s  t h e  c y c l o p r o p y l  e s t e r .  F r a c t i o n a l  d i s t i l l a t i o n  g a v e  t h e  
d e s i r e d  e s t e r  ( 2 4 . 0  g ,  80%) in t wo f r a c t i o n s :
F r a c t i o n  I ,  b . p .  5 4 - 5 8 ° / l . 1mm, no2 5  1 . 4 5 1 8
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F r a c t i o n  i l ,  b . p .  5 8 ° / l . 2 5 m m ,  n^ZS 1 . 4 5 1 9  ( l i t . 5 &  b . p .  7 2 - 7 5 ' /  0 . 5 -
0 . 7mm,  HQ24 1 . 4 5 3 9 )  a n d  m . p .  3 3 . 5 - 3 5 ®  ( m . p .  3 3 ° ,  l i t . 5 7 ) .
C i s - 1 , 2 - c y c I o h e x - 4 - e n e d  i c a r b o x y Ii  c a c  i d 
T e t r a h y d r o p h t h a I i c  a n h y d r i d e  ( 7 6 . 0  g ,  0 . 5  mo l e )  was  h e a t e d  w i t h  
w a t e r  o v e r n i g h t .  Upon c o o l i n g ,  c r y s t a l s  o f  t h e  c i s  a c i d  ( 8 0 . 0  g ,  94 . 0%)  
f o r m e d .  T h e s e  c r y s t a l s  w e r e  r e c r y s t a l l i z e d  f r om w a t e r .  A f t e r  t h e  c r y s t a l s  
w e r e  d r i e d  in a vacuum d e s i c c a t o r  t h e y  had m . p .  1 7 3 - 1 7 4 °  ( I  i t . 5 8  m . p .  1 7 4 ° ) .
D i m e t h y I  c i s - 1 , 2 - c y c I o h e x - 4 - e n e d  i c a r b o x y I  a t e  
D i m e t h y l  c i s - 1 , 2 - c y c I o h e x - 4 - e n e d  i c a r b o x y I  a t e  was  p r e p a r e d  f r om 
t h e  c o r r e s p o n d i n g  c i  s a c i d  w i t h  d i a z o m e t h a n e .  Th e  d a t a  f o r  t h i s  s y n -  
t h e s  i s  i s  in T a b l e  12 .
Di m e t h y I  t r a n s - 1 , 2 - c y c I o h e x - 4 - e n e d  i c a r b o x y I  a t e  
A s a m p l e  o f  t h e  t r a n s  e s t e r  p r o v i d e d  by D r .  J .  J .  B l o o m f i e l d  
was  u s e d  w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  T h i s  e s t e r  was  shown t o  be ga s  
c h r o m a t o g r a p h i c a I l y  p u r e  t r a n s .
D i m e t h y I  Ci s - 1 - m e t h y 1- 1 , 2 - c y c I o h e x a n e d i c a r b o x y I  a t e  
C i s - 1 - m e t h y 1 - 1 , 2 - c y c I o h e x - 4 - e n e d  i c a r  box y I i c a n h y d r i d e  (83 
g,  0 . 5  m o l e )  ( s a m p l e  p r o v i d e d  by D r .  J .  J .  B l o o m f i e l d )  and 5% 
p a l l a d i u m  on c h a r c o a l  ( 2  g)  w e r e  a d d e d  t o  h e x a n e  ( 1 5 0  ml )  a nd  t h e  m i x ­
t u r e  s h a k e n  u n d e r  h y d r o g e n  u n t i l  a b s o r p t i o n  o f  h y d r o g e n  c e a s e d  ( 30 
m i n u t e s ) .  Th e  m i x t u r e  was  f i l t e r e d  t o  r e mo v e  t h e  c a t a l y s t  and upon 
c o o l i n g  t h e  s a t u r a t e d  a n h y d r i d e  p r e c i p i t a t e d .  T h e  h e x a n e  was  r e move d  
u n d e r  v a c u u m.  The  r e s i d u a l  s o l i d  was  a l l o w e d  t o  s t a n d  o v e r n i g h t  w i t h  
w a t e r  and  upon  c o o l i n g ,  c r y s t a l s  w e r e  o b t a i n e d  ( 7 4 . 0  g ,  8 0 . 5 %)  w i t h
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m . p .  1 6 4 - 1 6 5 °  ( m. p . ,  1 5 8 ° ) . 5 ?
D i m e t h y l  c i s - 1- m e t h y 1 - 1 , 2 - c y c I o h e x a n e d  i c a r b o x y I  a t e  was 
p r e p a r e d  by e s t é r i f i c a t i o n  o f  t h e  c o r r e s p o n d i n g  a c i d  w i t h  d i a z o m e t h a n e .  
The  d a t a  f o r  t h i s  r e a c t i o n  i s  in T a b l e  1 2 .
T r a n s - 1 - m e t h y 1 - 1 , 2 - c y c I o  h e x a  ned i c a r b o x y I i  c Ac i d 
T r a n s - 1 - m e t h y  1 - 1 , 2 - c y c I o h e x - 4 - e n e d  i c a r b o x y I i  c a n h y d r i d e  ( 3 2  g,  
0 . 1 9  m o l e ) ,  ( s a m p l e  p r o v i d e d  by D r .  J .  J .  B l o o m f i e l d ) ,  and  5% p a l l a d i u m  
on c h a r c o a l  (1 g) w e r e  a d d e d  t o  h e x a n e  ( 2 0 0  ml )  a n d  t h e  m i x t u r e  was  
s h a k e n  u n d e r  h y d r o g e n  u n t i l  a b s o r p t i o n  o f  h y d r o g e n  c e a s e d  ( 2  h o u r s ) .
Upon f i l t r a t i o n  o f  t h e  m i x t u r e  and  r e mo v a l  o f  t h e  h e x a n e  u n d e r  v a c uum,  
t h e  a n h y d r i d e  r e m a i n e d .  T h i s  r e s i d u e  was  a l l o w e d  t o  s t a n d  w i t h  w a t e r  
o v e r n i g h t ,  a n d  c r y s t a l s  o f  t h e  t r a n s  a c i d  ( 2 9 . 3  g ,  83 .2% )  w e r e  f o r m e d .  
Th e  a c i d ,  a f t e r  r e c r y s t a l l i z a t i o n  f r o m a w a t e r - a c e t o n e  m i x t u r e ,  had  
m . p .  2 1 0 - 2 1 2 °  ( U t . 5 9 ,  m . p .  2 1 0 - 2 1 2 ° ) .
D i m e t h y I  T r a n s - 1 - m e t h y 1 - 1 , 2 - c y c I o h e x a n e d i  c a r b o x y I  a t e  
D i m e t h y l  t r a n s - 1 - m e t h y 1 - 1 , 2 - c y c I o h e x a n e d i  c a r b o x y I  a t e  was  p r e ­
p a r e d  by e s t é r i f i c a t i o n  o f  t h e  c o r r e s p o n d i n g  a c i d  w i t h  d i a z o m e t h a n e .
T h e  d a t a  f o r  t h i s  r e a c t i o n  i s  l i s t e d  in T a b l e  1 2 .
D i m e t h y l  c i s  and t r a n s  1 - m e t h y I - I , 2 - c y c I o h e x - 4 - e n e d i -
 ------------------------- ^ ç E b H È l i s "  ------------------------
S a m p l e s  o f  d i m e t h y l  c i s  a n d  t r a n s - 1 - m e t h y 1 - 1 , 2 - c y c l o h e x - 4 - e n e d i -  
c a r b o x y l a t e s  p r o v i d e d  by D r .  J .  J .  B l o o m f i e l d  w e r e  u s e d  w i t h o u t  f u r t h e r  
p u r i f i c a t i o n .
T r a n s - 1 , 2 - c y c I o h e p t a n e d  i c a r b o x y I i c  Ac id 
T h e  P y r r o l i d i n e E n a m i n e  o f  C y c l o p e n t a n o n e . C y c l o p e n t a n o n e  ( 1 6 8
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g ,  2 m o l e s ) ,  p y r r o l i d i n e  ( 1 4 2  g ,  2 m o l e s ) ,  t o l u e n e  ( 6 0 0  m l ) ,  and  
Dowex 5 0 - W- X - 8  I on E x c h a n g e  r e s i n  w e r e  r e f l u x e d  f o r  2 4  h o u r s .  W a t e r  
was  r e mo v e d  a s  i t  was  f o r me d  u s i n g  a D e a n - S t a r k  t r a p .  T h e  t o l u e n e  a nd  
p y r r o l i d i n e  w e r e  r e mo v e d  by d i s t i l l a t i o n  a t  a t m o s p h e r i c  p r e s s u r e .  The  
r e s i d u a l  b r own o i l  wa s  f r a c t i o n a t e d  t o  p r o d u c e  F r a c t i o n  I ,  b . p .  6 6 - 9 0 ® /
2 . 5  mm, 9 9 . 0  g ; a nd  F r a c t i o n  I I ,  b . p . 9 0 - 1 5 0 ® / 2 . 5 - 4 . 0  mm, 68  g .  T h e s e  
f r a c t i o n s  w e r e  s t o r e d  u n d e r  d r y  n i t r o g e n .  Th e  i n f r a r e d  s p e c t r a  showe d  
t h e  a b s e n c e  o f  c a r b o n y l  a nd  n i t r o g e n - h y d r o g e n  b a n d s  in b o t h  f r a c t i o n s ,  
a n d  t h e  p r e s e n c e  o f  d o u b l e  bond  a b s o r p t i o n s  ( 1 6 4 0  c m ~ ^ ) .  in a d d i t i o n  
f r a c t i o n  I s h o we d  a band  c o r r e s p o n d i n g  t o  t h e  ba n d  f o r  t h e  m o n o s u b ­
s t i t u t e d  p h e n y l  g r o u p  o f  t o l u e n e  ( 7 4 0  c m ~ ^ ) .  Th e  t o t a l  y i e l d  ( f r a c t i o n s  
I a nd  I I ) was  167 g (61 .Offo) .
l - ( N - p y r r o I i  d i n o ) - 2 , 3 - d  i c a r b o m e t h o x y - 1 , 3 - c y c l o h e p t a d i e n e . 
D i m e t h y l  a c e t y I e n e d i c a r b o x y I  a t e  ( 1 3 0  g ,  0 . 9 2  m o l e )  was  a d d e d  d r o p w i s e
t o  a s o l u t i o n  o f  t h e  a b o v e  e n a m i n e  ( 1 6 7  g , 1 . 2 1  m o l e s )  d i s s o l v e d  in 
t o l u e n e  ( 5 0 0  ml )  w h i c h  h a d  b e e n  c o o l e d  t o  10®.  C a r e  wa s  t a k e n  s o  t h e  
r e a c t i o n  t e m p e r a t u r e  was  k e p t  b e l o w  50®.  A f t e r  a d d i t i o n  was  c o m p l e t e  
t h e  s o l u t i o n  was  r e f l u x e d  f o r  t w e l v e  h o u r s .  T h e  s o l u t i o n  was  c o o l e d  
a n d  t wo  l i t e r s  o f  e t h e r  w e r e  a d d e d .  A f t e r  s t a n d i n g  in t h e  r e f r i g e r a t o r  
o v e r n i g h t  t h e  e n a m i n e  a d d u c t  p r e c i p i t a t e d  a s  b r own c r y s t a l s .  T h e  s o l i d
m a t e r i a l  was  r e mo v e d  by f i l t r a t i o n ,  a n d  r e c r y s t a l l i z e d  f r o m  a c e t o n e  t o  
g i v e  w 
1 4 6 ° ) .
h i t e  c r y s t a l s  ( 1 1 5 . 8  g ,  4 4 . 3 ^ )  m . p .  144- 146® ( l i t . ^ ^ %  m . p .  1 4 5 -
1 , 2 - C y c I o h e p t - 2 - e n e d  i c a r b o x y l i e  a c i d . l - ( N - p y r r o l i d i n o ) - 2 , 3 -  
d i c a r b o m e t h o x y - 1 , 3 - c y c l o h e p t a d i e n e  ( 1 1 5 . 0  g ,  0 . 3 9  m o l e )  was  d i s s o l v e d  
in g l a c i a l  a c e t i c  a c i d .  Adams C a t a l y s t  ( 3  g)  was  a d d e d ,  a n d  t h e  m i x ­
t u r e  was  h y d r o g e n a t e d  o v e r n i g h t .  H y d r o g e n  u p t a k e  c e a s e d  when 0 . 6 2  m o l e s  
ffo o f  t h e o r e t i c a l )  ha d  b e e n  a b s o r b e d .  Th e  s o l u t i o n  wa s  f i l t e r e d  t o
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r e mo v e  t h e  c a t a l y s t  and  t h e  a c e t i c  a c i d  was  r e mo v e d  u n d e r  r e d u c e d  
p r e s s u r e .  T h e  r e s i d u e  was  h e a t e d  f o r  t wo h o u r s  w i t h  e x c e s s  a q u e o u s  «cuyo 
s o d i u m  h y d r o x i d e  s o l u t i o n .  Enough  m e t h a n o l  was  a d d e d  t o  make  t h e  s o l u ­
t i o n  h o m o g e n e o u s .  Th e  m i x t u r e  was  a c i d i f i e d  w i t h  c o n c e n t r a t e d  h y d r o ­
c h l o r i c  a c i d ,  and e x t r a c t e d  w i t h  e t h e r  ( 1 5 0  m i ) .  Th e  e t h e r e a l  s o l u t i o n s  
w e r e  d r i e d  w i t h  a n h y d r o u s  m a g n e s i u m  s u l f a t e .  A f t e r  f i l t r a t i o n  o f  t h e  
s o l i d s  t h e  e t h e r  was  r e mo v e d  by d i s t i l l a t i o n  t o  y i e l d  t h e  u n s a t u r a t e d  
a c i d  ( 2 6 . 2  g ,  3 6 . 6 % ) .  The  a c i d  was  r e c r y s t a l l i z e d  f r o m w a t e r ,  m . p .  
1 5 8 - 1 6 0 °  ( I i t . ^  m . p .  1 6 8 - 1 7 0 ° ) .  T h i s  a c i d  p r o b a b l y  c o n t a i n e d  some 
1 , 2 - c y c I o h e p t - 1 - e n e d i c a r b o x y I i c  a c i d  w h i c h  p r o d u c e d  a low m e l t i n g  p o i n t .
D i m e t h y I  t r a n s - 1 , 2 - c y c I o h e p t a n e d i  c a r b o x y I  a t e
1 , 2 - C y c I o h e p t - 2 - e n e d i c a r b o x y I i c  a c i d  ( 2 6 . 2  g ,  0 . 1 4  m o l e )  was 
p l a c e d  in a P a r r  h y d r o g e n a t i o n  bomb w i t h  w a t e r  ( 1 7 0  m l ) ,  s o d i u m  h y d r o x i d e  
( 1 1 . 4  g ,  0 . 3 0  m o l e )  a n d  R a n e y  n i c k e l  c a t a l y s t  ( 8 . 7  g ) .  When t h e  m i x t u r e  
had b e e n  h e a t e d  t o  1 2 5 ° ,  t h e  p r e s s u r e  was  a d j u s t e d  t o  6 0 0  p . s . i . ,  and 
t h e  m i x t u r e  was  a l l o w e d  t o  s h a k e  f o r  t w e l v e  h o u r s .  Th e  bomb was  c o o l e d  
and  o p e n e d .  The  m i x t u r e  f r o m t h e  bomb was  f i l t e r e d  t o  r e mo v e  t h e  
c a t a l y s t .  The  f i l t r a t e  was  c o n c e n t r a t e d  t o  o n e - t h i r d  i t s  o r i g i n a l  
v o l u me  and  a c i d i f i e d  w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .  Th e  p r e c i p ­
i t a t e  was  r e mo v e d  by f i l t r a t i o n  a n d  t h e  s o l u t i o n  was  e x t r a c t e d  w i t h  
e t h e r .  Upon r e m o v a l  o f  t h e  e t h e r  c r y s t a l s  w e r e  o b t a i n e d  w h i c h  w e r e  
c o m b i n e d  w i t h  t h o s e  r e mo v e d  by f i l t r a t i o n .  Th e  t o t a l  y i e l d  o f  a c i d  
( m i x e d  c i s  and  t r a n s - )  was  2 0 . 0  g ( 7 6 . 0 %)  w h i c h  had  m . p .  135- 137®
(I  i t . 4 4  m . p .  ( U s )  1 3 0 - 1 3 1 ° ,  1 3 3 - 1 3 5 ° ) .
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A m i x t u r e  o f  c i s  and  t r a n s - 1 , 2 - c y c I o h e p t a n e d i c a r b o x y I i c  a c i d  
( 1 0 . 0  g ,  0 . 0 5 4  m o l e )  in e t h e r  was  a d d e d  t o  an e t h e r e a l  s o l u t i o n  o f  
d i a z o m e t h a n e  s u f f i c i e n t  t o  c o m p l e t e l y  e s t e r i f y  t h e  a c i d .  A f t e r  r e mo v a l  
o f  t h e  e t h e r ,  t h e  r e s i d u a l  o i l  was  d i s t i l l e d  t o  y i e l d  t h e  e s t e r ,  ( 9 . 8  g,  
85%) b . p .  I I O - I 2 0 V 3 . 5  mm, nQ28 1 . 4 5 9 6 .  ( I  i t . 4 5  ( t r a n s ) b . p .  1 4 0 - 1 4 1 * /  
10mm, nQ20 1 . 4 6 3 0 ) .  The  m i x t u r e  o f  d i m e t h y l  c i s  a n d  t r a n s - 1 , 2 - c y c 1 0 -  
h e p t a n e d i c a r b o x y I  a t e  ( 9 . 0  g) was  f r a c t i o n e d  on a t wo f o o t  s p i n n i n g  band 
c o l u m n .  F i v e  f r a c t i o n s  w e r e  c o l l e c t e d ;
F r a c t i o n  I ,  b . p .  1 1 3 - 1 1 9 * / 4 . 6 - 4 . 5  mm, 0 . 7  g .
F r a c t i o n  I I ,  b . p .  1 1 9 - 1 1 8 ° / 4 . 5  mm, 3 . 2  g .
F r a c t i o n  I I I ,  b . p .  1 1 8 - 1 1 9 ° / 4 . 5  mm, 4 . 9  g.
F r a c t i o n  IV,  b . p .  1 1 8 - 1 1 9 ° / 4 . 5  mm, 1 . 4  g .
F r a c t i o n  V,  b . p .  1 1 9 ° / 4 . 5  mm, 1 . 6  g.
F r a c t i o n s  I I ,  I I I ,  IV,  a n d  V w e r e  c o m b i n e d  t o  g i v e  e s t e r  t h a t  was 
d e t e r m i n e d  t o  be 9 5 . 5 % t r a n s  a n d  4 . 5 %  c i s  by g a s  c h r o m a t o g r a p h y .
Ci s - 1 , 2 - c y c I o h e p t a n e d  i c a r b o x y I  i c Ac i d
2 - C a r b e t h o x y c y c l o h e p t a n o n e . P o t a s s i u m  a mi d e  ( 1 . 2  m o l e s )  was  
p r e p a r e d  by a d d i t i o n  o f  p o t a s s i u m  ( 4 6 . 0  g ,  1 . 2  m o l e s )  t o  e x c e s s  a mmo n i a ,  
w i t h  e t h e r  ( 1 0 0  ml )  a d d e d  a s  a c o s o l v e n t .  F e r r i c  n i t r a t e  ( 0 . 2  g)  was  
a d d e d  as  a c a t a l y s t  t o  c o n v e r t  t h e  m e t a l  t o  p o t a s s i u m  a m i d e ,  t h e  
ammoni a  was  a l l o w e d  t o  e v a p o r a t e ,  and  t h e  vo l u me  o f  e t h e r  i n c r e a s e d  t o  
6 0 0  m l .  C y c l o h e p t a n o n e  ( 9 8 . 0  g ,  0 . 9  m o l e )  in e t h e r  ( 1 0 0  ml )  was  a d d e d  
d r o p w i s e  t o  t h e  c o o l e d  s o l u t i o n ,  o v e r  a p e r i o d  o f  t h i r t y  m i n u t e s .  Th e  
s o l u t i o n  was  r e f l u x e d  f o r  two h o u r s ,  c o o l e d  a nd  t h e n  e t h y l  c a r b o n a t e
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( 2 0 2  g ,  1 . 7 1  m o l e s )  was  a d d e d .  A f t e r  t wo mo r e  h o u r s  r e f l u x ,  t h e  
s o l u t i o n  was  a l l o w e d  t o  s t a n d  o v e r n i g h t .  Th e  s o l u t i o n  was  a c i d i f i e d  
w i t h  di  l u t e  h y d r o c h l o r i c  a c i d  a n d  e x t r a c t e d  t w i c e  w i t h  e t h e r  ( 5 0 0  m l ) .
T h e  c o m b i n e d  e t h e r e a l  p h a s e s  w e r e  w a s h e d  t w i c e  w i t h  w a t e r  ( 1 0 0  m l ) ,  
and d r i e d  o v e r  a n h y d r o u s  s o d i u m  s u l f a t e .  A f t e r  f i l t r a t i o n ,  t h e  e t h e r  
was  r e mo v e d  by d i s t i l l a t i o n .  T h e  r e s i d u a l  o i l  was  f r a c t i o n a t e d ,  t o  
g i v e  F r a c t i o n  I ,  b . p .  2 5 - 2 8 ° / l . 2 5  mm, n[)27 1 . 3 8 2 9 ,  5 . 0  g ,  r e c o v e r e d  
e t h y l  c a r b o n a t e .  F r a c t i o n  I I , b . p .  2 9 - 4 0 ° / l . 0  mm, oq2 7  1 . 4 5 7 6 ,
9 . 7  g ,  r e c o v e r e d  c y c l o h e p t a n o n e ,  a n d  F r a c t i o n  I I I ,  b . p .  6 6 - 8 0 * / l . 0  mm,
8 1 . 6  g ( 5 0 . 5 % ) ,  n [ ) 1 . 4 7 2 4 .  ( A l m o s t  a l l  p r o d u c t  c o l l e c t e d  a t  8 0 ® ) .
F r a c t i o n  M i  was  shown t o  be t h e  d e s i r e d  b e t a - k e t o e s t e r .  T h e  i n f r a r e d  
s p e c t r u m  s howe d  a b s o r p t i o n s  a t :  1735 ( e s t e r  c a r b o n y l ) ,  1705  ( c y c l o h e p ­
t a n o n e  c a r b o n y l ) ,  and  1 6 4 0 c m ~ ^ ( g n o I i c  b a n d ) .
C y a n o h y d r i n  o f  2 - c a r b e t h o x y e y e  I o h e p t a n o n e . 2 - C a r b e t h o x y c y c I o -  
h e p t a n o n e  ( 8 1 . 6  g ,  0 . 4 4  m o l e )  was  a d d e d  t o  l i q u i d  h y d r o g e n  c y a n i d e  
( 1 5 0  ml )  and  e t h a n o l  ( 2 0 0  ml )  t o  w h i c h  a b o u t  2  ml o f  s a t u r a t e d  p o t a s ­
s i u m  c y a n i d e  s o l u t i o n  h a d  b e e n  a d d e d .  Th e  s o l u t i o n  was  k e p t  a t  0® f o r  
t w e l v e  h o u r s ,  a n d  t h e n  a l l o w e d  t o  s t a n d  a t  r oom t e m p e r a t u r e  f o r  t w e n t y -  
f o u r  h o u r s .  Th e  s o l u t i o n  was  n e u t r a l i z e d  w i t h  s a t u r a t e d  o x a l i c  a c i d  
s o l u t i o n  and  f i l t e r e d .  A f t e r  t h e  f i l t r a t e  h a d  b e e n  e v a p o r a t e d  u n d e r  
v a c u u m,  t h e  r e s i d u a l  o i l  was  t a k e n  up in e t h e r ,  and  d r i e d  o v e r  a n h y d r o u s  
s o d i u m  s u l f a t e .  A f t e r  r e mo v a l  o f  t h e  s o l i d  m a t e r i a l  by f i l t r a t i o n ,  t h e  
e t h e r  was  d i s t i l l e d  u n d e r  va c uum t o  y i e l d  8 3 . 9  g ( 9 0 . 5 %)  o f  a r e d  br own 
o i l .  T h i s  m a t e r i a l  had  i n f r a r e d  a b s o r p t i o n s  a t  3 3 5 0 - 3 4 5 0  cm“ \  2 2 1 0  c m ~ \  
1705 and  1735  cm~^,  c o r r e s p o n d i n g  t o  t h o s e  e x p e c t e d  f o r  t h i s  p r o d u c t  
( c o n t a m i n a t e d  w i t h  some s t a r t i n g  m a t e r i a l ) .
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A t t e m p t s  t o  d e h y d r a t e  t h i s  compound  w i t h  p h o s p h o r u s  o x y c h l o r i d e  
a n d  p y r i d i n e  w e r e  n o t  s u c c e s s f u l ,  a n d  o n l y  2 - c a r b e t h o x y c y c l o h e p t a n o n e  
wa s  o b t a i n e d  on w o r k u p .
C i s - 1 , 2 - c y c I o h e p t a n e d i  c a r b o x y I i  c A n h y d r i d e
1 , 2 - C y c l o h e p t - 2 - e n e d i c a r b o x y I i c  a n h y d r i d e  ( 8 . 8  g ,  0 . 0 5  m o l e s )  
was  r e f l u x e d  w i t h  e x c e s s  a c e t i c  a n h y d r i d e  ( 6 0  ml )  f o r  4 8  h o u r s .  T h e  
a c e t i c  a n h y d r i d e  wa s  r e m o v e d  by d i s t i l l a t i o n  a n d  t h e  r e s i d u a l  o i l  d i s ­
t i l l e d  b . p .  1 0 9 - 1 1 2 “ / 0 . 5  mm. T h e  d i s t i l l a t e  was  h y d r o g e n a t e d  w i t h  Adams 
c a t a l y s t  (1 g) in d i o x a n e  ( 6 0  m l ) .  A f t e r  a b s o r p t i o n  c e a s e d  ( 0 . 0 5 7  m o l e s )  
t h e  m i x t u r e  was  f i l t e r e d  t o  r e mo v e  t h e  c a t a l y s t .  T h e  r e s i d u a l  o i l  was  
t h e n  d i s t i l l e d  t o  y i e l d  an o i l  ( 4 . 5  g ,  5 0 . 8 ^ ) ,  w i t h  b . p .  T 0 6 - 1 1 0 * /
0 . 3 5  mm. ,  ( I  i t . 4 5 ,  b . p .  1 2 6 - 1 2 7 ° / l 0 . 5  mm).
C i s - 1 , 2 - c y c I o h e p t a n e d  i c a r b o x y I i  c Ac i d 
T h e  c i s  a n h y d r i d e  was  h e a t e d  w i t h  w a t e r  f o r  o n e  h o u r .  Th e  
a c i d  was  e x t r a c t e d  t h r e e  t i m e s  w i t h  e t h e r  ( 5 0  ml )  and  t h e  e t h e r e a l  s o l u ­
t i o n  d r i e d  o v e r  a n h y d r o u s  m a g n e s i u m  s u l f a t e .  T h e  d r y i n g  a g e n t  was  
r e m o v e d  by f i l t r a t i o n  a n d  t h e  e t h e r  by d i s t i l l a t i o n .  T h e  a c i d  ( 2 . 8  g ,  
5 1 . 0 ^ )  was  r e c r y s t a l l i z e d  f r o m  a c e t o n e - h e x a n e  t o  g i v e  m . p .  129- 135®
( I  i t . 4 5  1 3 3 - 1 3 5 ® ) .
D i m e t h y I  c i s - 1 , 2 - c y c I o h e p t a n e d  i c a r b o x y I  a t e  
D i m e t h y l  c i s - 1 , 2 - c y c I o h e p t a n e d i c a r b o x y I  a t e  was  p r e p a r e d  f r o m 
t h e  c i s  a c i d  by t r e a t m e n t  w i t h  d i a z o m e t h a n e .  T h e  d a t a  f o r  t h i s  
s y n t h e s i s  i s  I i s t e d  in T a b l e  1 2 .  T h i s  e s t e r  was  a m i x t u r e  o f  89% c i s 
a n d  11% t r a n s  e p i m e r .
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P r e p a r a t i o n  o f  S a m p l e s  f o r  K i n e t i c  D e t e r m i n a t i o n s
S t a n d a r d  E s t e r  S o l u t i o n s  
S o l u t i o n s  o f  t h e  e s t e r s  w e r e  p r e p a r e d  0 . 2 5  M, by w e i g h i n g  
t h e  r e q u i r e d  a mo u n t  o f  e s t e r  i n t o  a p r e v i o u s l y  f a r e d  v o l u m e t r i c  f l a s k  
( 1 0 0  m l ) .  T h e  s o l u t i o n  was  made  t o  vo l u me  w i t h  m e t h a n o l .  A l l  m e t h a n o l  
u s e d  in t h e  k i n e t i c  s t u d i e s  was  s p e c i a l l y  d r i e d  by r e a c t i o n  w i t h  mag­
n e s  i urn f o i l  owed by d i s t i l l a t i o n ,  a n d  was  s t o r e d  o v e r  M o l e c u l a r  S i e v e  
( l l l - A )  u n d e r  a d r y i n g  t u b e .
S t a n d a r d  Ba s e  S o l u t i o n s  
S o d i u m  m e t h o x i d e  s o l u t i o n s  w e r e  p r e p a r e d  a p p r o x i m a t e l y  0 . 2 5  M 
by d i s s o l v i n g  h e x a n e  w a s h e d  s o d i u m  m e t a l  in m e t h a n o l  t r e a t e d  a s  a b o v e  
in a d r i e d  v o l u m e t r i c  f l a s k  ( 2 5 0  m l ) .  T h e  s o l u t i o n  was  made  t o  v o l ume  
by a d d i t i o n  o f  m e t h a n o l .  E a c h  s o l u t i o n  was  s t a n d a r d i z e d  by t i t r a t i o n  
o f  w e i g h e d  p o r t i o n s  o f  p o t a s s i u m  a c i d  p h t h a l a t e  d i s s o l v e d  in w a t e r ,  
u s i n g  p h e n o I p h t h a I e i n  a s  i n d i c a t o r .  T h e s e  s t o c k  s o l u t i o n s  w e r e  p r e ­
p a r e d  s e v e r a l  t i m e s  in t h e  c o u r s e  o f  t h e  wo r k  t o  a v o i d  t h e  u s e  o f  
s o d i u m  m e t h o x i d e  s a m p l e s  c o n t a m i n a t e d  w i t h  s o d i u m  h y d r o x i d e .
E p i m e r i z a t  i on o f  E s t e r s  
A l i q u o t s  o f  t h e  s t a n d a r d  e s t e r  and  b a s e  s o l u t i o n s  n e c e s s a r y  
t o  p r e p a r e  t h e  d e s i r e d  c o n c e n t r a t i o n s  w e r e  p i p e t t e d  i n t o  d r i e d  v o l u ­
m e t r i c  f l a s k s  ( 25  m l ) .  T h e s e  f l a s k s  w e r e  f i l l e d  t o  v o l u me  w i t h  m e t h ­
a n o l ,  and  a s e p t u m  p l a c e d  in t h e  n e c k  o f  t h e  f l a s k .  T h e  s o l u t i o n  was  
a g i t a t e d  a nd  p l a c e d  in a c o n s t a n t  t e m p e r a t u r e  b a t h .  In c a s e s  w h e r e  
t h e  r e a c t i o n  was  r e a s o n a b l y  f a s t ,  t h e  e s t e r  s o l u t i o n  and  m e t h a n o l
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w e r e  a d d e d ,  and  t h e  m i x t u r e  was  a l l o w e d  t o  r e a c h  t e m p e r a t u r e  e q u i l i b r i u m .  
T h e  b a s e  s o l u t i o n  was  t h e n  a d d e d  a n d  t h e  s o l u t i o n  q u i c k l y  a g i t a t e d .
D u p l i c a t e  k i n e t i c  s a m p l e s  w e r e  r u n  in e a c h  c a s e  and  e q u i l i b r i u m  
was  a p p r o a c h e d  w i t h  b o t h  c i s  a n d  t r a n s  s a m p l e s .  C o n s t a n t  t e m p e r a ­
t u r e  b a t h s  w e r e  o p e r a t e d  a t  5 0 +  0 . 0 2 “ ( m i n e r a l  oi  1 ) ,  3 5 +  0 . 0 5 “ ( m i n e r a l  
o i l )  and 25 +  0 . 0 5 “ ( w a t e r ) .
R e m o v a 1 o f  Samp I e s  a nd  Wor kup f r o m Ki n e t  i c Runs  
S a m p l e s  (1 ml )  w e r e  r e mo v e d  in t h e  c o u r s e  o f  t h e  k i n e t i c  r u n s  
w i t h  a s y r i n g e  and q u e n c h e d  w i t h  0 . 1  N h y d r o c h l o r i c  a c i d .  Th e  a c i d  
u s e d  was  p r e p a r e d  by d i l u t i o n  o f  c o n s t a n t  b o i l i n g  h y d r o c h l o r i c  a c i d .  
S a t u r a t e d  s o d i u m  c h l o r i d e  s o l u t i o n  (1 ml )  and e t h e r  (1 ml )  w e r e  a d d e d  
t o  t h e  q u e n c h e d  s a m p l e  in a t h r e e  i n c h  t e s t  t u b e .  Th e  t u b e  was  s h a k e n  
and  t h e  p h a s e s  w e r e  a l l o w e d  t o  s e p a r a t e .  The  e t h e r e a l  p h a s e  was  
r emoved  and d r i e d  o v e r  a s m a l l  a mount  o f  a n h y d r o u s  m a g n e s i u m  s u l f a t e .  
S a m p l e s  p r e p a r e d  in t h i s  m a n n e r  w e r e  u s e d  f o r  g a s  c h r o m a t o g r a p h y  w i t h ­
o u t  f u r t h e r  p r e p a r a t i o n .  Eac h  s a m p l e  was  a n a l y z e d  t h r e e  t i m e s ,  and 
t h e  a v e r a g e  o f  t h e s e  t h r e e  v a l u e s  o f  r e l a t i v e  p e r c e n t a g e s  was  u s e d  
f o r  s u b s e q u e n t  c a l c u l a t i o n s .  Th e  r e l a t i v e  p e r c e n t a g e s  o f  known e s t e r  
s a m p l e s  wo r k e d  up i n  t h e  a b o v e  m a n n e r  s howed  no s i g n i f i c a n t  d e v i a t i o n s  
f r om t h e  known va l u e s .
T r e a t m e n t  o f  D a t a  and R e s u l t s
Th e  k i n e t i c s  o f  a f i r s t  o r d e r  r e v e r s i b l e  r e a c t i o n  o f  t h e  t y p e
- B,
k4
A ^  ,  w h e r e  K =  k [ / k t ,  may be  e x p r e s s e d  a s : ^ ^
In(AK-B)  =  In(AQK-Bg)  -  (k-)- +  k^ )  t ,  ( 1 )
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w h e r e  and  Bg a r e  t h e  i n i t i a l  c o n c e n t r a t i o n s  o f  A and  B.  Th e  
k i n e t i c s  o f  t h e  b a s e  c a t a l y z e d  e p i m e r i z a t i o n  r e a c t i o n s  o f  c i s  a n d  t r a n s -
1 , 2 - c y c I o a I k a n e d i c a r b o x y I a t e s  was  o b s e r v e d  t o  ob e y  t h i s  e q u a t i o n  and t o  
h a v e  p s e u d o - f i r s t  o r d e r ,  r e v e r s i b l e  k i n e t i c s .
Th e  n e c e s s a r y  v a l u e s  o f  t h e  e q u i l i b r i u m  c o n s t a n t s ,  K, w e r e  
m e a s u r e d  f r o m a n a l y s i s  o f  t h e  e q u i l i b r i u m  c o n c e n t r a t i o n s ,  e x c e p t  
t h o s e  f o r  d i m e t h y l  1 , 2 - c y c I o p r o p a n e d i c a r b o x y I  a t e .  T h e  v a l u e s  f o r  t h i s  
e s t e r  h a v e  b e e n  r e p o r t e d  by S h i e n g t h o n g . ^ ®
The  c o n c e n t r a t i o n s  o f  t h e  e s t e r s ,  A a n d  B,  w e r e  c a l c u l a t e d  
f r o m t h e i r  r e l a t i v e  p e r c e n t a g e s  a and  b ,  w h i c h  w e r e  m e a s u r e d  by 
g a s  c h r o m a t o g r a p h y  and  t h e  i n i t i a l  c o n c e n t r a t i o n ,  Aq ,  by t h e  
r e  I a t  i ons  :
A =  a A o ( O . O l )
B =  b A g f O . O l ) .
E q u a t i o n  1 i s  l i n e a r ,  t h e r e f o r e  p l o t s  o f  I n (AK-B)  = Y i ,  v e r s u s  t  ( t i m e )  
h a v e  a s l o p e  o f  - ( k ^  +  k^)  a n d  a y i n t e r c e p t  o f  I n l A p K - B g ) .  S e v e r a l  
r e p r e s e n t a t i v e  p l o t s  o f  t h i s  t y p e  f o l l o w .
The  l e a s t  s q u a r e s  e q u a t i o n  f o r  t h e  s l o p e ,  s ,  and  t h e  y i n t e r c e p t  
a r e  a s  f o i l o w s :
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Figure 18. Plot of In(AK-B) versus T for the Epimérisation of 0.10 M Dimethyl cis-1.2-cyclo-
propanedicarboxylate at 50°.
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Figure 19. Plot of In(M-B) versus T for the Epimérisation of .05 M Dimethyl cis-1.2-cyclo-
butanedicarboxylate at 50°.
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Figure 20. Plot of In(AK-B) versus T for the Epimerization of .05 M Dimethyl trans-1.2-cyclo-
butanedicarboxylate at 50°.
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Figure 21. Plot of In(AK-B) versus T for the Epimerization of .05 M Dimethyl cis-1.2-cyclo-
pentanedicarboxylate at 50°.
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Figure 22, Plot of In(AK-B) versus T for the Epimerization of .05 M Dimethyl trans-1.2-cyclo-
pentanedicarboxylate at 50°.
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Figure 2<̂ . Plot of In(AK-B) versus T for the Epimerization of .01 M Dimethyl trans-1,2-
cyclohexanedicarboxylate at 50°.
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Figure 25. Plot of In(AK-B) versus T for the Epimerization of .01 M Dimethyl cis-1,2-cyclo-
hex-4--enedicarboxylate at 25°.
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Figure 26. Plot of In(AK-B) versus T for the Epimerization of .01 M Dimethyl trans-1.2-cyclo-
hex-4--enedicarboxylate at 25°.
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Plot cf In(AK-B) versus T for the Epimerization of .05 M Dimethyl cis-l-methyl-
1,2-cyclohexanedicarboxylate at 50°.
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Figure 28. Plot of In(AK-B) versus T for the Epimerization of Dimethyl trans-l-methyl-1,2-
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Plot of In(AK-B) versus T for the Epimerization of .05 M Dimethyl cis-l-methyl-
1,2-cyclohex-A-enedicarboxylate at 35°.
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Figure 30. Plot of In(AK-B) versus T for the Epimerization of .05 M Dimethyl trans-l-methyl-
l,2-cyclohex-4.-enedicarboxylate at 35°.
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Figure 31. Plot of In(AK-B) versus T for the Epimérisation of .01 M Dimethyl ois-1.2-cyclo-
heptanedicarboxylate at 25°.
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S i n c e  t h e  r e l i a b i l i t y  o f  t h e  d a t a  d e c r e a s e s  a s  e q u i l i b r i u m  i s  
a p p r o a c h e d ,  t h e  e q u a t i o n s  a b o v e  w e r e  m o d i f i e d  s o  a w e i g h t e d  l e a s t  s q u a r e s  
t r e a t m e n t  c o u l d  be u s e d  t o  c a l c u l a t e  t h e  r a t e  c o n s t a n t e  Th e  d a t a  was  
w e i g h t e d  in t h e  f o l l o w i n g  m a n n e r :  Th e  d e v i a t i o n  o f  e a c h  v a l u e  o f  Y,
( I n ( A K - B ) ) ,  was  c a l c u l a t e d  f r o m t h e  l e a s t  s q u a r e s  l i n e  by t h e  
e q u a t i o n
DY =  [ k (DA) -  kb]  /  AK -  B
w h e r e  DA a n d  DB a r e  t h e  e r r o r s  in A a n d  B r e s p e c t i v e l y .  Th e  
e r r o r  in A i s  a s s u m e d  t o  be t h e  s a me  f o r  a l l  v a l u e s  w i t h  a c o r r e s ­
p o n d i n g  r e l a t i v e  p e r c e n t a g e  g r e a t e r  t h a n  9 7 . 0 ^  a n d  f o r  B w i t h  a v a l u e  
l e s s  t h a n  3 . 0 % .
T h e  w e i g h t i n g  f a c t o r s ,  w i ,  w e r e  c a l c u l a t e d  by t h e  f o l l o w i n g ,  
a r b i t r a r y ,  r e l a t i o n ,
Wj =  1 . 0 / | D Y ( .
T h e  f a c t o r s  w e r e  t h e n  n o r m a l i z e d  s o  t h a t  ^ W |  =  1 . 0 .  Wi t h  t h e
i n c l u s i o n  o f  w e i g h t i n g  f a c t o r s  t h e  l e a s t  s q u a r e s  e q u a t i o n s  b e c o m e : ^ ^
^Wj t j Yj  -  ^ Wj t j  ^WjYi  
S -  ------------------ --------------------------- -----------
^  ( W i t | )  -  W j t  j )
and
, _  ^ Wj Yi  ^ ( W | t | )  -  ^  Wi t | Y|  < W | t i
In (Aq K -  Bp)  ------------------------------------------------   ^ --
: E ( w | t i ) 2  -  Wj t j ) 2
8 0
Th e  s t a n d a r d  d e v i a t i o n  o f  t h e  d a t a  i s  e s t i m a t e d  by t h e  r e l a t i o n ,  
( ^ d a t a  =  J l / N ^ t ,  +  In (AqK- Bq ) -  v j ]  ^
F r om t h e  a b o v e  i n f o r m a t i o n  one  c a n  c a l c u l a t e  t h e  s t a n d a r d  d e v i a t i o n  of  
t h e  s l o p e .
d a t a
N ^  t ^  -  j ) '
The  s t a n d a r d  d e v i a t i o n s  o f  t h e  r a t e  c o n s t a n t s  and  k ^ ,  a r e  c a l c u ­
l a t e d  f r o m t h e  e q u a t i o n s . 68
^ t  -
[cTs /  s^]+ cTk
( 1 . 0  +  K)‘
and
( fk^ = kc
T h e  v a l u e  f o r  t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  e q u i l i b r i u m  c o n s t a n t ,  
i s  c a l c u l a t e d  f r o m a s e p a r a t e  s t a t i s t i c a l  a n a l y s i s .  The  v a l u e s  f o r  
t h e  e q u i l i b r i u m  c o n s t a n t  a n a  t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  e q u i l i b r i u m  
c o n s t a n t  o f  c e r t a i n  k i n e t i c  r u n s  w e r e  a s s u m e d  t o  be  t h e  s ame a s  t h o s e  
o f  s i m i l a r  r u n s  w h i c h  w e r e  p r o c e e d i n g  t o o  s l o w l y  t o  r e a c h  e q u i l i b r i u m  
in a r e a s o n a b l e  p e r i o d  o f  t i m e .
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Th e  v a l u e s  f o r  A,  B,  Y,  a n d  t  a r e  t a b u l a t e d  on t h e  
f o l l o w i n g  p a g e s .  F o l l o w i n g  t h e s e ,  a r e  t h e  t a b l e s  o f  t h e  v a l u e s  o f  
t h e  s t a n d a r d  d e v i a t i o n s  o f  t h e  d a t a ,  e q u i l i b r i u m  c o n s t a n t s ,  k ^ ,  k^ ,  
a n d  t h e  s l o p e .  Th e  p s e u d o - f i r s t  o r d e r  r a t e  c o n s t a n t s  o b t a i n e d  w e r e  
c o r r e c t e d  f o r  b a s e  c o n c e n t r a t i o n  by t h e  r e l a t i o n ;
k [  =  k^ ( p s e u d o )  /  b a s e  c o n c e n t r a t i o n .
A l l  r a t e  c o n s t a n t s  a r e  e x p r e s s e d  in t h e  u n i t s  I s e c   ̂ m o l e s " ! .  
V a l u e s  o f  k ^ ,  k ^ ,  K, a nd  T a r e  f o u n d  in T a b l e s  98 t o  1 0 5 .
V a l u e s  o f  (T k , . ,  CTk^,  ^ a t a  ^ ^ d  d ^ s ^ s l o p e )  a r e  f o u n d  in
T a b l e s  106 t o  113 .
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T a b l e  14
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 . 0 5  M D i m e t h y l  c i s - 1 , 2 -  
e y e  I o p r o p a n e d i c a r b o x y I  a t e  w i t h  S o d i u m  M e t h o x i d e  a t  25®.  
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
e o n e . , e i s c o n e . j t r a n s t  i m e ( d a y s ) In(AK-B)
.0 5 0 0 0 .0 0 0 0 0 0 . 0 1 . 5 9 9
.0 5 0 0 0 .0 0 0 0 0 0 . 9 1 . 5 9 9
.0 4 9 0 0 .0 0 1 0 0 3 . 0 1 . 5 7 9
.0 4 9 0 0 .0 0 1 0 0 7 . 1 1 . 5 7 9
.0 4 8 7 5 .0 0 1 2 5 1 8 . 0 1 . 5 7 4
.0 4 8 4 0 . 0 0 1 6 0 4 6 . 3 1 .5 6 7
.0 4 6 5 0 .0 0 3 5 0 9 6 . 0 1 . 5 2 6
.0 4 7 7 0 .0 0 2 3 0 1 3 1 . 0 1 . 5 5 2
.0 4 7 8 5 . 0 0 2 1 6 1 4 9 . 0 1 . 5 5 5
8 3
T a b l e  15
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 . 1 0  M D i m e t h y l  c i s - 1 , 2 -  
c y c l o p r o p a n e d i c a r b o x y I  a t e  w i t h  S o d i u m  M e t h o x i d e  a t  2 5 * .  
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , c i s c o n c . , t r a n s t  i m e ( h r s ) In(AK-B)
. 0 5 0 0 0 .0 0 0 0 0 0 . 0 1 . 5 9 9
. 0 5 0 0 0 . 0 0 0 0 0 1 6 8 . 0 1 . 5 9 9
. 0 4 9 5 0 .0 0 0 5 0 5 2 1 . 7 1 . 5 8 9
. 0 4 7 4 0 . 0 0 2 6 0 1 2 1 5 . 8 1 . 5 4 5
. 0 4 7 2 5 .0 0 2 7 5 1 8 9 7 .5 1 . 5 4 2
8 4
T a b l e  16
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 . 0 5  M D i m e t h y l  c i s - 1 , 2 -  
c y c l o p r o p a n e d i c a r b o x y I  a t e  Wi t h  S o d i u m M e t h o x i d e  a t  35®. 
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , c i s c o n c . , t r a n s t  i m e ( h r s ) I n(AK-B)
.0 4 9 1 5 .0 0 0 8 5 0 . 0 1 . 5 8 2
.0 4 6 9 5 .0 0 3 0 5 6 1 4 . 9 1 . 5 3 6
.0 4 5 5 0 .0 0 4 5 0 9 0 8 . 4 1 . 5 0 4
.0 4 2 9 0 .0 0 7 1 0 1 2 0 4 . 7 1 . 4 4 5
.0 4 4 6 0 .0 0 5 4 0 1 5 6 2 . 4 1 . 4 8 4
.0 4 5 1 0 .0 0 4 9 0 1 8 7 6 . 7 1 . 4 9 5
.0 4 4 6 0 .0 0 5 4 0 2 3 3 8 . 9 1 . 4 8 4
8 5
T a b l e  17
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 . 0 1  M D i m e t h y l  c i s - 1 , 2 -  
c y c l o p r o p a n e d i c a r b o x y I  a t e  w i t h  S o d i u m  M e t h o x i d e  a t  50® . 
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , c i s c o n c . , t r a n s t  i m e ( h r s ) I n(AK-B)
. 0 1 0 0 0 . 0 0 0 0 0 0 . 0 - 1 . 0 0 5  X 1 0"2
. 0 1 0 0 0 .0 0 0 0 0 1 7 . 8 - 1 . 0 0 5  X IQ-Z
. 0 1 0 0 0 .0 0 0 0 0 2 1 7 . 6 - 1 . 0 0 5  X 10~^
.0 0 9 0 6 . 0 0 0 9 4 6 6 5 . 4 - 1 . 0 9 8  X 1 0 "!
. 0 0 8 5 2 .0 0 1 4 8 1 2 4 1 . 5 - 1 . 7 2 0  X 10“ ^
.0 0 7 7 4 .0 0 2 2 6 1 9 1 5 . 3 - 2 . 6 9 2  X 10"^
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T a b l e  18
K i n e t i c  D a t a  f o r  t h e  E p i m e r i  z a t i  on o f  0 . 0 5  M D i m e t h y l  c_ i_ s-1 ,2 -  
c y c l  o p r o p a n e d  i c a r b o x y  I a t e  w i t h  S o d i u m M e t h o x i d e  a t  5 0 * .  
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , c  i s c o n c .  . t r a n s t  i m e ( h r s ) In(AK-B)
.0 5 0 0 0 .0 0 0 0 0 0 . 0 1 . 5 9 9
.0 4 9 7 5 .0 0 0 2 5 0 . 7 1 . 5 9 4
. 0 4 9 5 0 .0 0 0 5 0 5 . 0 1 . 5 8 9
. 0 4 8 0 0 .0 0 2 0 0 1 8 . 2 1 . 5 5 8
. 0 4 6 4 0 . 0 0 3 6 0 4 3 . 5 1 . 5 2 4
. 0 4 5 3 5 .0 0 4 6 5 9 4 . 3 1 .5 0 1
. 0 4 4 7 5 .0 0 5 2 5 1 4 3 . 3 1 . 4 8 7
. 0 4 0 0 0 . 0 1 0 0 0 3 0 9 . 7 1 . 3 7 4
. 0 3 5 0 0 .0 1 5 0 0 7 1 7 . 4 1 . 2 3 8
.0 3 4 1 5 .0 1 5 8 5 1 1 3 4 . 0 1 . 2 1 3
8 7
T a b l e  19
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 . 1 0  M D i m e t h y l  c i s - 1 , 2-
c y c l o p r o p a n e d i c a r b o x y I  a t e  w i t h  S o d i u m M e t h o x i d e  a t  50®.
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , c  i s c o n c . , t r a n s t  i m e ( h r s . ) I n(AK-B)
.1 0 0 0 0 .0 0 0 0 0 0 . 0 2 . 2 9 3
.0 9 6 7 0 . 0 0 3 3 0 1 4 . 6 2 . 2 5 9
.0 9 1 8 0 .0 0 8 1 0 3 7 . 4 2 . 2 0 6
.0 8 7 1 0 .0 1 2 9 0 8 8 . 4 2 . 1 5 3
. 0 7 2 7 0 . 0 1 7 3 0 1 6 8 .5 1 .9 7 1
. 0 5 0 0 0 .0 5 0 0 0 4 0 5 . 8 1 . 5 8 9
.0 3 6 8 0 . 0 6 3 2 0 6 0 1 . 6 1 . 2 7 5
.0 3 0 1 0 . 0 6 9 9 0 7 5 2 . 3 1 . 0 6 8
.0 2 4 7 0 . 0 7 5 3 0 8 8 5 . 2 8 . 6 2 9  X 10-1
.0 1 6 5 0 . 0 8 3 5 0 1 2 0 1 . 7 4 . 3 8 3  X 10-1
.0 1 2 8 0 . 0 8 7 2 0 1 5 3 5 .5 1 . 6 5 5  X 10-1
.0 1 0 0 0 . 0 9 0 0 0 1 8 5 1 .5 - 1 . 0 5 4  X 10-1
.0 0 8 3 0 . 0 9 1 7 0 2 3 0 5 . 0 - 3 . 1 4 7  X 10-1
.0 0 5 5 0 . 0 9 4 5 0 2 7 6 2 . 5 - 7 . 9 8 5  X 10-1
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T a b l e  20
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 .0 1  M D i m e t h y l  c i s - 1 , 2 -  
c y c l o b u t a n e d i c a r b o x y I  a t e  w i t h  S o d i u m M e t h o x i d e  a t  2 5 ° .  
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , c  i s c o n c . , t r a n s t  i m e ( h r s . ) In(AK-B)
.0 0 9 9 5 .0 0 0 0 5 0 . 0 - 2 . 4 0 8
. 0 0 9 2 9 .0 0 0 7 1 0 . 7 - 2 . 4 8 5
. 0 0 9 3 0 . 0 0 0 7 0 1 1 . 3 - 2 . 4 8 3
.0 0 8 3 0 .0 0 1 7 0 3 9 . 3 - 2 . 6 1 2
. 0 0 5 9 8 .0 0 4 0 2 1 1 6 . 2 - 2 . 9 9 4
.0 0 4 0 3 .0 0 5 9 7 2 1 8 . 9 - 3 . 4 9 0
.0 0 2 2 3 .0 0 7 7 7 3 8 0 . 0 - 4 . 3 8 9
.0 0 1 8 0 .0 0 8 2 0 5 4 2 . 7 - 4 . 8 1 7
.0 0 1 4 6 .0 0 8 3 4 7 1 5 . 3 - 5 . 3 2 4
. 0 0 1 2 4 .0 0 8 7 6 8 8 1 . 7 - 6 . 0 0 7
8 9
T a b l e  21
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 . 0 1  M d i m e t h y l  t r a n s - 1 , 2 -  
c y c I o b u t a n e d i c a r b o x y l a t e  w i t h  S o d i u m M e t h o x i d e  a t  25®. 
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , t r a n s c o n c . , c I S t  i m e ( h r s . ) I n(AK-B)
0 0 9 9 5 .0 0 0 0 5 0 . 0 - 6 . 8 3 6
0 0 9 6 5 .0 0 0 3 5 1 . 2 - 7 . 2 0 8
00961 . 0 0 0 3 9 2 . 2 - 7 . 2 7 0
0 0 9 6 5 .0 0 0 3 5 3 . 6 - 7 . 2 0 8
0 0 9 5 6 . 0 0 0 4 4 1 1 . 3 - 7 . 3 5 4
0 0 9 5 6 . 0 0 0 4 4 3 9 . 3 - 7 . 3 5 4
0 0 9 3 8 . 0 0 0 6 2 1 1 6 . 2 - 7 . 7 2 9
00901 . 0 0 0 9 9 2 1 8 . 9 - 1 0 . 4 8 0
0 0 8 9 7 .0 0 1 0 3 3 8 0 . 0 - 1 1 . 0 2 0
0 0 9 0 4 .0 0 0 9 6 5 4 2 . 7 - 9 . 6 9 6
0 0 9 0 2 .0 0 0 9 8 7 1 5 . 3 - 1 0 . 1 4 5
0 0 8 9 2 .0 0 1 0 8 8 8 1 . 7 - 9 . 5 3 8
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T a b l e  22
K i n e t i c  D a t a  f o r  t h e  E p i m e r i  z a t  i on o f  0 . 0 5  M D i m e t h y l  c_i_s-T , 2 -  
c y c l  o b u t a n e d  i c a r b o x y  l a t e  w i t h  S o d i u m  M e t h o x i d e  a t  25®. 
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  i n  m o l e s / l i t e r .
c o n c . , c i s c o n c . . t r a n s t i m e ( h r s . ) I n(AK-B)
.0 4 9 5 0 . 0 0 0 0 0 0 . 0 - 8 . 7 7 6  X 10“ ^
.0 4 7 9 5 .0 0 2 0 5 1 . 0 - 9 . 1 4 5  X 10“ ^
.0 4 6 2 0 . 0 0 3 8 0 2 . 0 - 9 . 5 6 4  X 10” ^
.0 4 4 4 5 .0 0 5 5 5 3 . 5 - 1 . 0 0 0
.0 3 8 1 0 . 0 1 1 9 0 1 1 . 6 - 1 . 1 7 7
.0 2 1 8 0 . 0 2 8 2 0 3 5 . 6 - 1 . 8 6 5
. 0 0 9 2 0 . 0 4 0 8 0 8 7 . 1 - 3 . 3 1 1
. 0 0 5 4 0 . 0 4 4 6 0 2 1 8 . 8 - 7 . 1 8 2
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T a b l e  23
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 . 0 5  M D i m e t h y l  t r a n s - 1 , 2 -  
c y c l o b u t a n e d i c a r b o x y  I a t e  w i t h  S o d i u m M e t h o x i d e  a t  25®. 
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  i n  m o l e s / l i t e r .
c o n c . , t r a n s c o n c . , c i s t  i m e ( h r s . ) In(AK-B)
.0 4 9 5 0 .0 0 0 5 0 0 . 0 - 5 . 2 1 4
.0 4 8 1 5 .0 0 1 8 5 0 . 5 - 5 . 5 4 0
.0 4 8 4 0 . 0 0 1 6 0 2 . 0 - 5 . 4 7 1
.0 4 7 6 0 . 0 0 2 4 0 3 . 5 - 5 . 7 1 0
.0 4 6 7 0 .0 0 3 3 0 1 1 . 6 - 6 . 0 7 3
.0 4 5 0 5 .0 0 4 9 5 3 5 . 6 - 7 . 6 9 3
.0 4 4 3 0 .0 0 5 7 0 8 7 . 1 - 7 . 8 6 5
.0 4 4 8 5 .0 0 5 1 5 2 1 8 . 8 - 8 . 3 6 9
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T a b l e  2 4
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 . 1 0  M D i m e t h y l  c i s - 1 , 2 -
c y c I o b u t a n e d i c a r b o x y I  a t e  w i t h  S o d i u m M e t h o x i d e  a t  25®.
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
C o n c . , c  i s c o n c . , t r a n s t  i m e ( h r s . ) In(AK-B)
.0 9 7 7 0 .0 0 2 3 0 0 . 0 - 4 . 4 2 4  X 10-1
.0 9 4 5 0 .0 0 5 5 0 0 . 3 - 4 . 8 0 9  X 10-1
.0 9 2 5 0 .0 0 7 5 0 0 . 6 - 5 . 0 5 8  X 10"!
.0 8 9 7 0 .0 1 0 3 0 1 .1 - 5 . 4 1 8  X 10"!
.0 8 9 2 0 .0 1 0 8 0 1 . 6 - 5 . 4 8 3  X 10-1
.0 7 9 7 0 .0 2 0 3 0 3 . 3 - 6 . 8 1 8  X 10~
.0 7 6 3 0 .0 2 3 7 0 6 . 0 - 7 . 3 4 2  X 10-1
.0 6 5 4 0 .0 3 4 6 0 8 . 3 - 9 . 2 3 7  X 10-1
.0 5 4 5 0 .0 4 5 5 0 1 2 . 5 - 1 . 1 5 8
.0 4 3 1 0 .0 5 6 9 0 1 6 . 4 - 1 . 4 8 0
.0 3 9 8 0 .0 6 0 2 0 2 0 . 4 - 1 . 5 9 7
.0 3 0 2 0 .0 6 9 8 0 2 8 . 3 - 2 . 0 4 4
.0 2 0 1 0 .0 7 9 9 0 3 2 . 8 - 2 . 9 4 2
.0 1 5 3 0 .0 8 4 7 0 9 7 . 5 - 4 . 1 1 8
.0 1 2 2 0 .0 8 7 8 0 1 6 5 .8 - 4 . 9 2 3
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T a b l e  25
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i on o f  0 . 1 0  M D i m e t h y l  _ t r a n s - 1 , 2 -
c y c l  o b u t a n e d  i c a r b o x y  l a t e  w i t h  S o d i u m  M e t h o x i d e  a t  2 5 ° .
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , t r a n s c o n c . , c i s t  i m e ( h r s . ) I n(AK-B)
.1 0 0 0 0 .0 0 0 0 0 0 . 0 - 4 .1 6 0
.0 9 7 6 0 .0 0 2 4 0 0 . 6 - 4 .3 5 6
.0 9 5 5 0 .0 0 4 5 0 1 .1 - 4 . 5 6 6
.0 9 5 0 0 .0 0 5 0 0 1 .6 - 4 ,6 2 3
.0 9 4 4 0 .0 0 5 6 0 3 . 3 - 4 .5 9 7
.0 9 3 3 0 .0 0 6 7 0 6 . 0 - 4 .8 4 7
.0 9 3 6 0 .0 0 6 4 0 8 . 3 - 4 .8 9 3
.0 9 1 2 0 .0 0 8 8 0 1 2 .5 - 5 .2 1 6
.0 9 0 1 0 .0 1 0 9 0 1 6 . 4 - 5 .7 5 9
.0 8 8 9 0 .0 1 1 1 0 2 0 .4 - 5 .8 8 9
.0 8 9 2 0 .0 1 0 8 0 2 8 .3 - 5 .7 7 1
.0 8 5 4 0 .0 1 4 6 0 3 2 .8 - 6 .6 6 3
.0 8 7 1 0 .0 1 2 9 0 9 7 .5 - 7 . 2 8 2
.0 8 6 4 0 .0 1 3 6 0 1 6 5 .8 - 9 .0 1 5
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T a b l e  26
K i n e t i c  D a t a  f o r  t h e  E p i m e r i  z a t  i on  o f  0 .0 5  M D i m e t h y l  c_i_s-l , 2 -
c y c l  o b u t a n e d  i c a r b o x y  l a t e  w i t h  S o d i u m  M e t h o x i d e  a t  3 5 ° .
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , c i s c o n c . , t r a n s t  i m e ( h r s . ) (n(AK-B)
.0 4 8 7 5 .0 0 1 2 5 0 . 0 - 1 .0 4 8
.0 4 5 6 5 .0 0 4 3 5 0 . 6 - 1 . 1 2 4
.0 4 4 7 0 .0 0 5 3 0 1 .0 - 1 .1 4 8
.0 4 2 8 5 .0 0 7 1 5 2 . 0 - 1 . 1 9 7
.0 4 0 2 5 .0 0 9 7 5 3 . 0 - 1 . 2 7 0
.0 3 7 7 5 .0 1 2 2 5 4 .1 - 1 .3 4 6
.0 3 5 2 5 .0 1 4 7 5 5 . 2 - 1 . 4 2 9
.0 3 1 8 0 .0 1 8 2 0 6 . 9 - 1 . 5 5 4
.0 2 7 4 5 .0 2 2 5 5 9 .5 - 1 . 7 4 0
.0 2 4 9 0 .0 2 5 1 0 1 1 . 6 - 1 . 8 6 7
.0 2 1 6 5 .0 2 8 3 5 1 5 .8 - 2 . 0 5 7
.0 1 6 9 5 .0 3 3 0 5 2 0 .0 - 2 .4 1 6
.0 1 4 4 5 .0 3 5 5 5 2 5 .1 - 2 . 6 7 7
.0 1 3 2 5 .0 3 6 7 5 2 9 .1 - 2 . 8 3 2
.0 1 0 7 5 .0 3 9 2 5 3 9 .8 - 3 .2 6 1
.0 0 8 4 0 .0 4 1 6 0 4 6 . 7 - 3 . 9 6 2
.0 0 7 6 0 .0 4 2 4 0 7 1 . 2 - 4 . 3 8 6
.0 0 6 4 5 .0 4 3 5 5 9 9 . 9 - 5 . 8 0 9
.0 0 6 1 0 .0 4 3 9 0 1 2 2 .0 - 8 . 9 9 8
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T a b l e  27
Kl n e t i c D a t a  f o r t h e  E p i m e r i z a t  i on o f  0 .0 5  M D i m e t h y 1 t r a n s - 1 , 2 -
c y c l o b u t a n e d i c a r b o x y l a t e  w i t h Sod i um Me t h o x  i de a t 3 5 * .
C o n c e n t r a t i o n s  a r e  e x p r e s s e d in m o l e s / l i t e r .
c o n c . , t r a n s c o n c . , c i  s t i m e ( h r s . ) I n(AK-B)
.0 4 6 7 0 .0 0 3 3 0 0 . 0 - 5 .8 0 8
.0 4 7 7 5 .0 0 2 2 5 0 . 6 - 5 . 4 7 4
.0 4 7 4 0 .0 0 2 6 0 1 .0 - 5 .5 7 3
.0 4 6 7 0 .0 0 3 3 0 2 . 0 - 5 .8 0 8
.0 4 6 1 0 .0 0 3 9 0 3 . 0 - 6 .0 6 5
.0 4 6 2 0 .0 0 3 8 0 4 .1 - 6 .0 1 7
.0 4 6 2 0 .0 0 3 8 0 5 . 2 - 6 .0 1 7
.0 4 6 0 0 .0 0 4 0 0 6 . 9 - 6 .1 1 5
.0 4 5 0 0 .0 0 5 0 0 9 .5 - 6 .8 3 5
.0 4 4 9 0 .0 0 5 1 0 1 1 . 6 - 6 . 9 4 7
.0 4 4 3 5 .0 0 5 6 5 1 5 .8 - 7 .9 9 5
.0 4 4 5 5 .0 0 5 4 5 2 0 .0 - 7 .4 8 0
.0 4 3 8 5 .0 0 6 1 5 2 5 .1 - 8 .3 7 6
.0 4 3 6 5 .0 0 6 3 5 2 9 .1 - 7 .6 9 0
.0 4 3 6 5 .0 0 6 3 5 3 9 .8 - 7 .6 9 0
.0 4 4 0 5 .0 0 5 9 5 4 6 . 7 - 1 2 .6 3 7
.0 4 4 9 0 .0 0 5 1 0 7 1 . 2 - 6 . 9 4 7
.0 4 3 6 5 .0 0 6 3 5 9 9 . 9 - 7 .6 9 0
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T a b l e  28
K i n e t i c  D a t a  f o r  t h e  E p i m e r i  z a t  i on o f  0 , 0 5  D i m e t h y l  c_i_s-l , 2 -
c y c l  o b u t a n e d  i c a r b o x y  I a t e  w i t h  S o d i u m M e t h o x i d e  a t  5 0 ° .
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , c  i s c o n c . , t r a n s t  i m e ( m i n . ) I n( AK- B)
.0 5 0 0 0 .0 0 0 0 0 0 . 0 - 8 . 4 6 3  X 10-1
.0 4 5 3 0 .0 0 4 7 0 1 5 .0 - 9 . 5 7 2  X 10-1
.0 4 2 1 5 .0 0 7 8 5 3 0 .0 - 1 .0 3 9
.0 3 7 0 0 .0 1 3 0 0 4 5 .0 - 1 . 1 8 9
.0 3 5 5 0 .0 1 4 5 0 6 0 .0 - 1 .2 3 8
.0 3 2 2 5 .0 1 7 7 5 7 5 .0 - 1 .3 5 1
.0 2 9 4 5 .0 2 0 5 5 9 0 .0 - 1 .4 6 0
.0 2 6 2 0 .0 2 3 8 0 1 0 5 .0 - 1 . 6 0 4
.0 2 6 1 5 .0 2 3 8 5 1 2 0 .0 - 1 . 6 0 7
.0 2 2 1 0 .0 2 7 9 0 1 3 5 .0 - 1 . 8 2 2
.0 1 9 8 5 .0 3 0 1 5 1 6 5 .0 - 1 . 9 6 5
.0 1 7 2 5 .0 3 2 7 5 2 2 5 .0 - 2 .1 6 1
.0 1 1 6 5 .0 3 8 3 5 2 8 0 .0 - 2 . 7 8 7
.0 1 1 2 0 .0 3 9 8 0 3 2 0 .0 - 2 . 8 7 7
.0 0 8 1 0 .0 4 1 9 0 4 5 0 .0 - 3 . 5 9 0
.0 0 6 8 0 .0 4 3 2 0 1 1 0 0 .0 - 4 .1 9 0
.0 0 5 5 0 .0 4 4 5 0 1 3 8 5 .0 - 5 . 9 1 8
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T a b l e  29
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 .0 5  M D i m e t h y l  t r a n s - 1 , 2 -  
c y c l o b u t a n e d i c a r b o x y 1 a t e  w i t h  S o d i u m M e t h o x i d e  a t  50® . 
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , t r a n s c o n c . , c i  s t  i me(mi  n . ) In(AK-B)
.0 4 9 5 0 .0 0 0 5 0 0 . 0 - 5 . 2 3 2
.0 4 7 7 0 .0 0 2 3 0 1 5 . 0 - 5 .7 0 5
.0 4 6 5 5 .0 0 3 4 5 3 0 .0 - 6 .1 9 3
.0 4 7 5 0 .0 0 2 5 0 4 5 . 0 - 5 .7 7 5
.0 4 6 4 0 .0 0 3 6 0 6 0 .0 - 6 .2 7 9
.0 4 6 5 0 .0 0 3 5 0 7 5 .0 - 6 .2 2 1
.0 4 5 7 0 .0 0 4 3 0 1 0 5 .0 - 6 . 8 1 9
.0 4 5 4 0 .0 0 4 6 0 1 2 0 .0 - 7 . 1 8 6
.0 4 6 0 5 .0 0 3 9 5 1 3 5 .0 - 6 .5 1 3
.0 4 5 0 0 .0 0 5 0 0 2 2 5 .0 - 8 . 0 7 9
.0 4 4 7 5 .0 0 5 2 5 1 3 8 5 .0 - 1 0 .3 9 8
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T a b l e  3 0
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 .0 1  M D i m e t h y l  c i s - 1 , 2 -  
c y c l o p e n t a n e d i c a r b o x y I  a t e  w i t h  S o d i u m M e t h o x i d e  a t  2 5 * .  
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  i n  m o l e s / l i t e r .
c o n c .  . c i s c o n c . , t r a n s t  i m e ( h r s . ) In(AK-B)
.0 0 9 7 0 .0 0 0 3 0 0 . 0 - 2 .3 5 8
.0 0 9 4 9 .0 0 0 5 1 1 .1 - 2 .3 8 3
.0 0 9 2 6 .0 0 0 7 4 4 . 0 - 2 .4 1 0
.0 0 9 1 7 .0 0 0 8 3 8 . 5 - 2 .4 2 1
.0 0 7 4 0 .0 0 2 6 0 3 2 . 2 - 2 .6 6 3
.0 0 7 2 3 .0 0 2 7 7 8 1 . 4 - 2 . 6 8 9
.0 0 5 3 4 .0 0 4 6 6 9 3 .0 - 3 .0 4 6
.0 0 3 6 8 .0 0 6 3 2 1 4 6 .5 - 3 .5 1 8
.0 0 2 3 5 .0 0 7 6 5 2 8 3 .5 - 4 . 1 7 8
.0 0 1 0 2 .0 0 8 9 8 7 8 7 .5 - 6 . 9 1 2
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T a b l e  31
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 .0 1  M D i m e t h y l  t r a n s - 1 , 2 -  
c y c l o p e n t a n e d i c a r b o x y ( a t e  w i t h  S o d i u m M e t h o x i d e  a t  2 5 » .  
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . . t r a n s c o n c . , c i s t  i m e ( h r s . ) in ( AK- B)
.0 1 0 0 0 .0 0 0 0 0 0 . 0 - 6 .8 6 9
.0 0 9 9 5 .0 0 0 0 5 0 .5 - 6 .9 2 3
.0 0 9 7 4 .0 0 0 2 6 1 .1 - 7 .1 9 1
.0 0 9 8 1 .0 0 0 1 9 1 .5 - 7 . 0 9 4
.0 0 9 8 0 .0 0 0 2 0 2 . 0 - 7 . 1 0 7
.0 0 9 8 0 .0 0 0 2 0 4 . 0 - 7 .1 0 7
.0 0 9 9 0 .0 0 0 1 0 8 .5 - 6 .9 8 1
.0 0 9 6 5 .0 0 0 3 5 1 9 . 0 - 7 .3 3 3
.0 0 9 5 2 .0 0 0 4 8 8 1 .4 - 7 .5 8 1
.0 0 9 1 6 .0 0 0 8 4 1 4 6 .5 - 9 .0 9 1
.0 0 8 8 6 .0 0 1 1 4 2 8 3 .5 - 8 .4 2 8
.0 0 9 1 4 .0 0 0 8 6 7 8 7 .5 - 9 . 3 0 9
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T a b l e  32
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i on o f  0 .0 5  M D i m e t h y l  c i s - 1 , 2 -  
c y c l o p e n t a n e d i c a r b o x y l a t e  w i t h  S o d i u m  M e t h o x i d e  a t  2 5 ° .  
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , c i s c o n c . , t r a n s t  i m e ( h r s . ) I n (AK-B)
.0 4 7 2 0 .0 0 2 8 0 0 . 0 - 8 . 0 5 2  X 10-1
.0 4 5 9 5 .0 0 4 0 5 0 . 5 - 8 . 3 5 0  X 10-1
.0 4 4 5 0 .0 0 5 5 0 1 .7 - 8 . 7 0 9  X 10“ ^
.0 4 0 7 5 .0 0 9 2 5 5 . 3 - 9 . 7 0 0  X 10-1
.0 3 5 5 5 .0 1 4 4 5 8 . 5 - 1 . 1 2 6
.0 3 1 2 0 .0 1 8 8 0 1 0 .3 - 1 . 2 7 8
.0 2 3 9 0 .0 2 6 1 0 1 9 . 0 - 1 .6 0 1
.0 2 1 6 5 .0 2 8 3 5 2 4 .0 - 1 . 7 2 6
.0 1 5 5 5 .0 3 4 4 5 3 2 .3 - 2 . 1 7 4
.0 1 1 3 5 .0 3 8 6 5 7 2 .0 - 2 . 6 6 6
.0 0 4 7 5 .0 4 5 7 5 1 7 0 .5 - 7 . 6 3 7
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T a b l e  33
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 .0 5  M D i m e t h y l  t r a n s - 1 , 2 -  
c y c 1o p e n t a n e d i c a r b o x y I  a t e  w i t h  S o d i u m  M e t h o x i d e  a t  25® . 
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , t r a n s c o n c . , c  i s t  i m e ( h r s . ) I n ( AK- B)
.0 5 0 0 0 .0 0 0 0 0 0 . 0 - 5 . 1 5 0
.0 4 9 7 5 .0 0 0 2 5 1 .2 - 5 . 1 9 9
.0 4 9 5 0 .0 0 0 5 0 1 .7 - 5 .2 5 1
.0 4 8 9 5 .0 0 1 0 5 4 . 0 - 5 . 3 7 6
.0 4 7 5 5 .0 0 2 4 5 5 . 3 - 5 . 7 8 7
.0 4 7 7 5 .0 0 2 2 5 1 0 .3 - 5 . 7 1 7
.0 4 6 9 5 .0 0 3 0 5 1 9 . 0 - 6 . 0 3 4
.0 4 6 3 0 .0 0 3 7 0 2 4 .0 - 6 . 3 9 4
.0 4 6 1 5 .0 0 3 8 5 3 2 .3 - 6 .5 0 0
.0 4 5 1 0 .0 0 4 9 0 7 2 .0 - 8 . 0 1 2
.0 4 4 9 5 .0 0 5 0 5 1 7 0 .5 - 8 . 7 1 4
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T a b l e  3 4
K i n e t i c  d a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 . 1 0  M D i m e t h y l  ci  s - 1 , 2 -
c y c I o p e n t a n e d i c a r b o x y l  a t e  w i t h  S o d i u m M e t h o x i d e  a t  25®.
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  i n  m o l e s / l i t e r .
c o n c . , c i s c o n c . , t r a n s t  i m c ( h r s . ) I n(AK-B)
.0 9 6 3 0 .0 0 3 7 0 0 . 0 - 2 . 5 3 2  X 10-1
.0 9 1 3 0 .0 0 8 7 0 0 . 3 - 3 .1 3 6  X 10-1
.0 8 5 5 0 .0 1 4 5 0 0 . 6 - 3 .8 8 5  X 10-1
.0 8 5 2 0 .0 1 4 8 0 1 .2 - 3 .9 2 6  X 10 -1
.0 7 6 3 0 .0 2 3 7 0 1 .5 - 5 .2 0 3  X 10-1
.0 8 1 3 0 .0 1 8 7 0 1 .8 - 4 .4 6 6  X 10-1
.0 7 9 1 0 .0 2 0 9 0 2 . 0 - 4 .7 8 3  X 10-1
.0 7 5 5 0 .0 2 4 5 0 2 .3 - 5 .3 2 6  X 10-1
.0 7 3 5 0 .0 2 6 5 0 2 . 7 - 5 .6 4 1  X 10“ 1
.0 7 2 1 0 .0 2 7 9 0 3 . 5 - 5 .8 6 8  X 10-1
.0 5 8 4 0 .0 4 1 6 0 5 . 7 - 8 . 4 0 6  X 10-1
.0 5 3 4 0 .0 4 6 6 0 7 . 2 - 9 .5 2 1  X 10~^
.0 3 5 5 0 .0 6 4 5 0 1 1 . 5 - 1 .5 0 0
.0 2 6 0 0 .0 7 4 0 0 1 7 .0 - 1 .9 9 1
.0 1 9 1 0 .0 8 0 9 0 2 1 .0 - 2 . 6 0 6
.0 1 1 8 0 .0 8 8 2 0 3 6 .5 - 4 .9 0 9
.0 1 0 7 0 .0 8 9 3 0 2 0 7 .0 - 5 .9 4 1
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T a b l e  35
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 .1 0  M D i m e t h y l  t r a n s - 1 , 2 -  
c y c I o p e n t a n e d i c a r b o x y l  a t e  w i t h  S o d i u m  M e t h o x i d e  a t  25® . 
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  i n  m o l e s / l i t e r .
c o n c . , t r a n s c o n c . , c i s t  i m e ( h r s . ) I n(AK-B)
.1 0 0 0 0 .0 0 0 0 0 0 . 3 - 4 .3 9 8
.0 9 9 5 0 .0 0 0 5 0 0 . 6 - 4 .4 4 5
.0 9 6 7 0 .0 0 3 3 0 0 . 8 - 4 .7 5 7
.0 9 5 1 0 .0 0 4 9 0 1 .5 - 4 .9 9 1
.0 9 7 9 0 .0 0 2 1 0 1 .8 - 4 .6 1 1
.0 9 5 8 0 .0 0 4 2 0 2 . 0 - 4 .8 8 2
.0 9 6 2 0 .0 0 3 8 0 2 . 7 - 4 . 8 2 4
.0 9 3 9 0 .0 0 6 1 0 3 . 5 - 5 . 2 1 2
.0 9 2 9 0 .0 0 7 1 0 7 . 2 - 5 . 4 4 3
.0 8 9 5 0 .0 1 0 5 0 1 7 . 0 - 7 . 5 8 4
.0 8 9 3 0 .0 1 0 7 0 3 6 .5 - 8 .1 6 7
.0 8 9 3 0 .0 1 0 7 0 2 0 7 .0 - 8 .1 6 7
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T a b l e  36
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 . 0 5  M D i m e t h y l  c i s - 1 , 2 -
c y c I o p e n t a n e d i c a r b o x y l  a t e  w i t h  S o d i u m M e t h o x i d e  a t  35®.
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , c  i s c o n c . j t r a n s t  i me(mi  n . ) I n(AK-B)
.0 5 0 0 0 .0 0 0 0 0 0 . 0 - 9 .9 4 3  X 10-1
.0 4 6 3 0 .0 0 3 7 0 1 7 . 0 - 1 .0 8 2
.0 3 9 6 5 .0 1 0 3 5 9 5 .0 - 1 . 2 6 2
.0 3 4 2 0 .0 1 5 8 0 1 5 5 .0 - 1 .4 3 9
.0 3 1 3 5 .0 1 8 6 5 2 1 0 .0 - 1 .5 4 5
.0 2 7 0 0 .0 2 3 0 0 3 3 0 .0 - 1 .7 3 3
.0 2 2 7 0 .0 2 7 3 0 4 5 0 .0 - 1 .9 6 1
.0 1 6 4 5 .0 3 3 5 5 5 9 0 .0 - 2 . 4 2 8
.0 1 5 1 5 .0 3 4 8 5 7 8 5 .0 - 2 .5 6 1
.0 1 0 0 0 .0 4 0 0 0 1 1 9 5 .0 - 3 .3 8 1
.0 0 5 9 5 .0 4 4 0 5 1 4 9 5 .0 - 1 0 .8 2 0
.0 0 6 4 5 .0 4 3 5 5 1 8 3 0 .0 - 5 .4 7 7
.0 0 6 9 0 .0 4 3 1 0 2 9 7 0 .0 - 4 .8 3 3
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T a b l e  3 7
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 .0 5  M D i m e t h y l  t r a n s - 1 . 2 -  
c y c I o p e n t a n e d i c a r b o x y l a t e  w i t h  S o d i u m  M e t h o x i d e  a t  3 5 » .  
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , t r a n s c o n c . , c  i s t  i m e ( m i n . ) In( AK- B)
.0 5 0 0 0 .0 0 0 0 0 0 . 0 - 4 . 9 6 9
.0 5 0 0 0 .0 0 0 0 0 1 7 . 0 - 4 . 9 6 9
.0 4 8 9 0 .0 0 1 1 0 9 5 .0 - 5 . 1 6 8
.0 4 7 6 0 .0 0 2 4 0 1 5 5 .0 - 5 . 4 6 9
.0 4 6 7 5 .0 0 3 2 5 2 1 0 .0 - 5 . 7 3 0
.0 4 6 1 5 .0 0 3 8 5 3 3 0 .0 - 5 . 9 6 6
.0 4 5 9 0 .0 0 4 1 0 4 5 0 .0 - 6 . 0 8 4
.0 4 4 6 0 .0 0 5 4 0 4 9 0 .0 - 7 . 1 3 2
.0 4 4 2 5 .0 0 5 7 5 7 8 5 .0 - 7 .8 2 2
.0 4 3 7 5 .0 0 6 2 5 1 1 9 5 .0 - 8 . 6 8 8
.0 4 4 6 5 .0 0 5 3 5 1 4 9 5 .0 - 7 .0 6 3
.0 4 4 2 0 .0 0 5 8 0 1 8 3 0 .0 - 7 . 9 7 5
.0 4 4 0 5 .0 0 5 9 5 2 9 7 0 .0 - 8 .6 6 3
106
T a b l e  38
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 . 0 5  M D i m e t h y l  c i s - 1 , 2 -
c y c l o p e n t a n e d i c a r b o x y I  a t e  w i t h  S o d i u m M e t h o x i d e  a t  50®.
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , c i s c o n c . , t r a n s t  ime(mi  n . ) I n(AK-B)
.0 4 8 5 0 .0 0 1 5 0 0 . 0 - 1 . 2 2 7
.0 4 5 5 0 .0 0 4 5 0 1 3 .0 - 1 . 3 0 2
.0 4 0 0 0 .0 1 0 0 0 2 7 .0 - 1 . 4 5 7
.0 3 6 5 0 .0 1 3 5 0 4 2 .0 - 1 . 5 6 9
.0 3 1 5 0 .0 1 8 5 0 6 1 . 0 - 1 ,7 5 5
.0 2 9 0 0 .0 2 1 0 0 7 5 .0 - 1 .8 6 3
.0 2 6 5 0 .0 2 3 5 0 9 1 . 0 - 1 . 9 8 4
.0 2 4 0 0 .0 2 6 0 0 1 0 5 .0 - 2 . 1 2 2
.0 2 1 5 0 .0 2 8 5 0 1 2 0 ,0 - 2 . 2 8 2
.0 2 0 0 0 .0 3 0 0 0 1 3 5 .0 - 2 .3 9 1
.0 1 8 0 0 .0 3 2 0 0 1 5 0 .0 - 2 . 5 5 9
.0 1 5 5 0 .0 3 4 5 0 1 8 3 .0 - 2 . 8 1 9
.0 1 3 0 0 .0 3 7 0 0 2 1 0 .0 - 3 .1 7 1
.0 1 1 5 0 .0 3 8 5 0 2 4 0 .0 - 3 . 4 6 2
.0 1 1 0 0 .0 3 9 0 0 2 7 5 .0 - 3 . 5 8 2
.0 0 9 5 0 .0 4 0 5 0 3 0 5 .0 - 4 . 0 6 2
.0 0 7 5 0 .0 4 2 5 0 4 9 0 .0 - 5 . 7 8 9
.0 0 7 0 0 .0 4 3 0 0 1 1 6 5 .0 - 7 . 6 5 2
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T a b l e  39
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i on o f  0 . 0 5  M D i m e t h y l  t r a n s - T , 2 -
c y c l o p e n t a n e d i c a r b o x y I  a t e  w i t h  S o d i u m M e t h o x i d e  a t  50®.
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , t r a n s c o n c . f C i s t  i m e ( m i n . ) i n ( AK- B)
.0 5 0 0 0 .0 0 0 0 0 0 . 0 - 4 .7 8 8
.0 4 9 5 0 .0 0 0 5 0 1 3 .0 - 4 .8 6 1
.0 4 8 0 0 .0 0 2 0 0 2 7 .0 - 5 .1 1 7
.0 4 7 0 0 .0 0 3 0 0 4 2 .0 - 5 . 3 3 4
.0 4 6 5 0 .0 0 3 5 0 6 1 . 0 - 5 .4 6 3
.0 4 5 5 0 .0 0 4 5 0 7 5 .0 - 5 . 7 8 4
.0 4 5 0 0 .0 0 5 0 0 9 1 . 0 - 5 . 9 9 4
.0 4 5 0 0 .0 0 5 0 0 1 0 5 .0 - 5 . 9 9 4
.0 4 4 5 0 .0 0 5 5 0 1 2 0 .0 - 6 .2 6 1
.0 4 5 0 0 .0 0 5 0 0 1 3 5 .0 - 5 . 9 9 4
.0 4 4 0 0 .0 0 6 0 0 1 5 0 .0 - 6 . 6 2 6
.0 4 3 0 0 .0 0 7 0 0 1 8 0 .0 - 8 .7 4 3
.0 4 3 5 0 .0 0 6 5 0 2 1 0 .0 - 7 .2 0 5
.0 4 2 5 0 .0 0 7 5 0 2 4 0 .0 - 7 .7 6 6
.0 4 3 0 0 .0 0 7 0 0 2 7 5 .0 - 8 .7 4 3
.0 4 3 0 0 .0 0 7 0 0 3 0 5 .0 - 8 .7 4 3
.0 4 3 5 0 .0 0 6 5 0 4 9 0 .0 - 7 .2 0 5
.0 4 3 0 0 .0 0 7 0 0 1 1 6 5 .0 - 8 .7 4 3
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T a b l e  40
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 . 0 1  M D i m e t h y l  c i s - 1 , 2 -
c y c l o h e x a n e d i c a r b o x y I  a t e  w i t h  S o d i u m M e t h o x i d e  a t  3 5 ° .
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , c i s c o n c . , t r a n s t  i m e ( h r s . ] l n ( AK- 8)
.0 1 0 0 0 .0 0 0 0 0 0 . 0 - 2 . 3 3 2
.0 0 9 7 6 .0 0 0 2 4 2 5 .0 - 2 .3 5 9
.0 0 9 6 4 .0 0 0 3 6 5 2 .5 - 2 .3 7 3
.0 0 9 3 6 .0 0 0 6 4 7 2 .5 - 2 .4 0 5
.0 0 9 2 0 .0 0 0 8 0 9 8 .3 - 2 . 4 2 4
.0 0 9 0 7 .0 0 0 9 3 1 2 5 .8 - 2 . 4 4 0
.0 0 8 8 7 .0 0 1 1 3 1 4 6 .0 - 2 .4 6 5
.0 0 8 0 3 .0 0 1 9 7 2 0 8 .5 - 2 . 5 7 7
.0 0 7 1 1 .0 0 2 8 9 3 3 0 .5 - 2 . 7 1 6
.0 0 6 3 3 .0 0 3 6 7 5 5 5 .5 - 2 .8 5 1
.0 0 5 7 7 .0 0 4 2 3 7 2 3 .0 - 2 .9 6 0
.0 0 4 6 3 .0 0 5 3 7 9 1 6 .0 - 3 . 2 2 9
.0 0 4 1 5 .0 0 5 8 5 1 0 3 8 .5 - 3 .3 6 8
.0 0 3 9 5 .0 0 6 0 5 1 1 9 6 .5 - 3 .4 3 3
.0 0 3 6 5 .0 0 6 3 5 1 4 4 6 .4 - 3 . 5 3 7
.0 0 3 1 7 .0 0 6 8 3 1 7 1 4 .0 - 3 .7 3 2
.0 0 3 0 6 .0 0 6 9 4 1 9 0 4 .0 - 3 .7 8 2
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T a b l e  41
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 . 0 1  M D i m e t h y l  t r a n s - 1 , 2-
c y c  I o h e x a n e d i c a r b o x y I  a t e  w i t h  S o d i u m  M e t h o x i d e  a t  3 5 “ .
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , t r a n s c o n c . , c  i s t  i m e ( h r s . ) In(AK-B)
.0 0 9 9 5 .0 0 0 0 5 0 . 0 - 6 . 9 5 4
.0 0 9 9 0 .0 0 0 1 0 2 5 .0 - 7 .0 1 3
.0 0 9 9 0 .0 0 0 1 0 5 2 .5 - 7 .0 1 3
.0 0 9 8 5 .0 0 0 1 5 7 2 .5 - 7 . 0 7 6
.0 0 9 8 5 .0 0 0 1 5 9 8 .3 - 7 .0 7 6
.0 0 9 8 5 .0 0 0 1 5 1 2 5 .8 - 7 . 0 7 6
.0 0 9 8 0 .0 0 0 2 0 1 4 6 .0 - 7 . 1 4 4
.0 0 9 7 5 .0 0 0 2 5 2 0 8 .5 - 7 . 2 1 6
.0 0 9 7 0 .0 0 0 3 0 3 3 0 .5 - 7 . 2 9 4
.0 0 9 6 5 .0 0 0 3 5 5 5 5 .5 - 7 .3 7 8
.0 0 9 7 0 .0 0 0 3 0 7 2 3 .0 - 7 . 2 9 4
.0 0 9 5 5 .0 0 0 4 5 9 1 6 .0 - 7 . 5 7 2
.0 0 9 5 0 .0 0 0 5 0 1 0 3 8 .5 - 7 .6 8 5
.0 0 9 5 0 .0 0 0 5 0 1 1 9 6 .5 - 7 .6 8 5
.0 0 9 4 5 .0 0 0 5 5 1 4 4 6 .4 - 7 .8 1 3
.0 0 9 4 0 .0 0 0 6 0 1 7 1 4 .0 - 7 . 9 5 9
.0 0 9 4 0 .0 0 0 6 0 1 9 0 4 .0 - 7 .9 5 9
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T a b l e  4 2
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i on o f  0 . 0 5  M D i m e t h y l  c i s - 1 , 2-
c y c l o h e x a n e d i c a r b o x y ! a t e  w i t h  S o d i u m M e t h o x i d e  a t  35®.
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , c i s c: o n e . ,  t r a n s t  i m e ( h r s . ) In(AK-B)
.0 5 0 0 0 .0 0 0 0 0 0 . 0 - 7 . 2 2 6  X 10-1
.0 4 3 6 5 .0 0 6 3 5 2 5 .0 - 8 . 7 3 5  X 10-1
.0 3 8 9 0 .0 1 1 1 0 5 2 .5 - 1 .0 0 3
.0 3 7 1 5 .0 1 2 8 5 7 2 .5 - 1 . 0 5 6
.0 2 8 7 5 .0 2 1 2 5 9 8 .3 - 1 .3 5 5
.0 2 8 0 0 .0 2 2 0 0 1 2 5 .8 - 1 . 3 8 7
.0 2 6 1 5 .0 2 3 6 5 1 4 6 .0 - 1 . 4 6 9
.0 2 0 5 0 .0 2 9 5 0 2 0 8 .5 - 1 .7 7 5
.0 1 6 2 5 .0 3 3 7 5 3 3 0 .5 - 2 . 0 8 7
.0 0 5 5 0 .0 4 4 5 0 5 5 5 .5 - 4 .7 2 1
.0 0 4 5 0 .0 4 5 5 0 7 2 3 .0 - 6 . 3 1 7
.0 0 5 5 0 .0 4 4 5 0 9 1 6 . 0 - 4 .7 2 1
.0 0 5 0 0 .0 4 5 0 0 1 0 3 8 .5 - 5 .6 4 1
.0 0 5 0 0 .0 4 5 0 0 1 1 9 6 .5 - 5 .6 4 1
.0 0 4 5 0 .0 4 5 5 0 1 4 4 6 .4 - 6 . 3 1 7
m
T a b l e  43
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 . 0 5  M D i m e t h y l  t r a n s - 1 , 2 -
c y c l o h e x a n e d i c a r b o x y I  a t e  w i t h  S o d i u m M e t h o x i d e  a t  35®.
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , t r a n s c o n c  „ ,  c i s t  i m e ( h r s . ) In(AK-B)
.0 5 0 0 0 .0 0 0 0 0 0 . 0 - 5 .2 8 8
.0 4 9 5 0 .0 0 0 5 0 2 5 .0 - 5 . 4 0 4
.0 4 8 5 0 .0 0 1 5 0 5 2 .5 - 5 . 6 8 4
.0 4 6 5 0 .0 0 3 5 0 7 2 .5 - 6 .7 2 8
.0 4 7 5 0 .0 0 2 5 0 9 8 .3 - 6 .0 7 6
.0 4 7 0 0 .0 0 3 0 0 1 2 5 .8 - 6 . 3 5 0
.0 4 7 0 0 .0 0 3 0 0 1 4 6 .0 - 6 .3 5 0
.0 4 6 0 0 .0 0 4 0 0 2 0 8 .5 - 7 .3 4 5
.0 4 6 0 0 .0 0 4 0 0 3 3 0 .5 - 7 .3 4 5
.0 4 5 0 0 .0 0 5 0 0 5 5 5 .5 - 7 .6 9 5
.0 4 4 5 0 .0 0 5 5 0 7 2 3 .0 - 6 . 9 0 2
.0 4 4 7 5 .0 0 5 2 5 9 1 6 .0 - 7 . 2 2 2
.0 4 5 5 0 c0 0 4 5 0 1 0 3 8 .5 - 9 .2 5 6
.0 4 5 2 5 .0 0 4 7 5 1 1 9 6 .5 - 8 . 6 2 4
.0 4 5 0 0 .0 0 5 0 0 1 4 4 6 .4 - 7 .6 9 5
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T a b  Ie 4 4
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 , 1 0  M D i m e t h y l  c i s - 1 , 2-
c y c l o h e x a n e d i c a r b o x y I  a t e  w i t h  S o d i u m M e t h o x i d e  a t  3 5 * .
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , c i s c o n c . , t r a n s t  i m e ( m i n . ) I n(AK-B)
.1 0 0 0 0 .0 0 0 0 0 0 . 0 8 .6 1 8  X 1 0 -2
.1 0 0 0 0 .0 0 0 0 0 3 5 .0 8 . 6 1 8  X 1 0 -2
.0 9 5 9 0 .0 0 4 1 0 1 4 5 .0 4 .0 3 8  X 1 0 "^
.0 9 3 5 0 .0 0 6 5 0 3 6 0 .0 1 .2 5 7  X 1 0 -2
.0 8 8 5 0 .0 1 1 5 0 5 3 5 .0 - 4 . 7 9 8  X 1 0 -2
.0 7 9 4 0 .0 2 0 6 0 1 0 8 0 .0 - 1 . 6 8 6  X 10-1
.0 6 0 1 0 .0 3 0 9 0 2 8 7 0 .0 - 4 . 1 7 3  X 10-1
.0 4 0 4 0 .0 5 9 6 0 5 4 7 0 .0 - 9 . 6 5 6  X 10-1
.0 2 4 0 0 .0 7 6 0 0 9 9 7 0 .0 - 1 . 6 8 4
.0 2 1 2 0 .0 7 8 8 0 1 1 3 5 0 .0 - 1 . 8 8 2
.0 1 5 9 0 .0 8 4 1 0 1 5 4 0 0 .0 - 2 . 4 1 7
.0 0 7 6 0 .0 9 2 4 0 2 0 0 5 0 .0 - 4 . 6 5 0
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T a b l e  4 5
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 . 1 0  M D i m e t h y l  t r a n s - 1 . 2 -  
c y c I o h e x a n e d i c a r b o x y l a t e  w i t h  S o d i u m M e t h o x i d e  a t  35® . 
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  i n  m o l e s / l i t e r .
c o n c . , t r a n s c o n c . , c i s t  i m e ( m i n . ) In(AK-B)
.1 0 0 0 0 .0 0 0 0 0 0 . 0 - 4 .7 1 1
.0 9 8 5 0 .0 0 1 5 0 3 5 . 0 - 4 .9 1 1
.0 9 7 2 0 .0 0 2 8 0 1 4 5 .0 - 5 .1 2 5
.0 9 7 5 0 .0 0 2 5 0 3 6 0 .0 - 5 .0 7 1
.0 9 4 4 0 .0 0 5 6 0 5 3 5 .0 - 5 . 8 4 4
.0 9 6 7 0 .0 0 3 3 0 1 0 8 0 .0 - 5 .2 2 1
.0 9 3 8 0 .0 0 6 2 0 2 8 7 0 .0 - 6 . 1 0 0
.0 9 3 2 0 .0 0 6 8 0 5 4 7 0 .0 - 6 .4 4 5
.0 9 1 2 0 .0 0 8 8 0 9 9 7 0 .0 - 7 .4 3 2
.0 8 9 2 0 .0 1 0 8 0 1 5 4 0 0 .0 - 5 . 8 8 8
.0 9 2 4 0 .0 0 7 6 0 2 0 0 5 0 .0 - 7 . 2 4 2
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T a b l e  46
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 . 0 1  M D i m e t h y l  c i s - 1 , 2 -  
c y c l o h e x a n e d i c a r b o x y l a t e  w i t h  S o d i u m  M e t h o x i d e  a t  2 5 * .  
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r »
c o n c . , c i ^ c o n c . , t r a n s t  i m e ( d a y s ) !n(AK-B)
.0 1 0 0 0 .0 0 0 0 0 0 . 8 - 1 .9 6 6
.0 0 9 6 2 .0 0 0 3 8 4 . 5 - 2 .0 0 8
.0 0 7 9 9 .0 0 2 0 1 1 1 . 6 - 2 .2 0 9
.0 0 8 1 9 .0 0 1 8 1 2 2 .0 - 2 . 1 8 2
.0 0 7 8 9 .0 0 2 1 1 3 3 .2 - 2 . 2 2 2
.0 0 7 0 3 .0 0 2 9 7 41 oO - 2 .3 4 9
.0 0 6 7 6 .0 0 3 2 4 5 7 . 0 - 2 .3 9 3
.0 0 6 0 2 .0 0 3 9 8 8 7 .8 - 2 .5 2 2
.0 0 5 5 4 .0 0 4 4 6 1 0 2 .2 - 2 .6 1 6
.0 0 5 3 3 .0 0 4 6 7 1 2 0 .0 - 2 ,6 6 0
.0 0 4 4 7 .0 0 5 5 3 1 5 2 .0 - 2 . 8 6 4
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T a b l e  4 7
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 .0 1  M D i m e t h y l  t r a n s - 1 , 2 -  
c y c l o h e x a n e d i c a r b o x y i a t e  w i t h  S o d i u m M e t h o x i d e  a t  2 5 * .  
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , t r a n s c o n c . , c i s t  i m e ( d a y s ) i n( AK- B)
.0 0 9 9 5 .0 0 0 0 5 0 . 8 - 7 .2 2 8
.0 0 9 9 0 .0 0 0 1 0 4 . 5 - 7 .3 0 5
.0 0 9 7 5 .0 0 0 2 5 2 2 .0 - 7 .5 8 0
.0 0 9 6 5 .0 0 0 3 5 3 3 .2 - 7 .8 1 7
.0 0 9 6 5 .0 0 0 3 5 4 1 . 0 - 7 .8 1 7
.0 0 9 5 5 .0 0 0 4 5 5 7 .0 - 8 . 1 2 9
.0 0 9 6 0 .0 0 0 4 0 8 7 .8 - 7 .9 6 1
.0 0 9 6 0 .0 0 0 4 0 1 2 0 .0 - 7 .9 6 1
.0 0 9 6 5 .0 0 0 3 5 1 5 2 .0 - 7 .8 1 7
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Ta b  ! e 4 8
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 .0 5  M D i m e t h y l  c i s - 1 ,2 -  
c y c l o h e x a n e d i c a r b o x y i a t e  w i t h  S o d i u m M e t h o x i d e  a t  2 5 * .  
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  i n  m o l e s / l i t e r .
c o n c . , c  i s c o n c . , t r a n s t  i m e ( d a y s ) In(AK-B)
.0 4 8 1 0 .0 0 1 9 0 0 . 8 - 3 . 9 8 2  X 10-1
.0 4 0 7 5 .0 0 9 7 5 4 . 5 - 5 .7 8 5  X 10-1
.0 3 2 6 5 .0 1 7 3 5 1 1 . 6 - 8 .1 2 5  X 10-1
.0 2 5 4 5 .0 2 4 5 5 2 2 .0 - 1 .1 0 3
.0 1 9 6 0 .0 3 0 4 0 3 3 .2 - 1 . 4 1 1
.0 1 5 9 0 .0 3 4 1 0 4 1 . 0 - 1 .6 6 9
.0 1 1 6 0 .0 3 8 4 0 5 7 . 0 - 2 . 0 8 7
.0 0 5 7 5 .0 4 4 2 5 8 7 .8 - 3 . 3 1 7
.0 0 5 5 0 .0 4 4 5 0 1 0 2 .2 - 3 .4 2 7
.0 0 4 0 0 .0 4 6 0 0 1 2 0 .0 - 4 .6 0 5
! 17
Table 49
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 .0 5  D i m e t h y l  t r a n s - 1 , 2 -  
c y c l o h e x a n e d i c a r b o x y I  a t e  w i t h  S o d i u m  M e t h o x i d e  a t  2 5 * .  
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , t r a n s c o n c . , c  i s t i m e ( d a y s ) I n( AK- B)
.0 4 9 7 5 .0 0 0 2 5 0 . 8 - 5 . 6 1 8
.0 4 9 5 0 .0 0 0 5 0 4 . 5 - 5 . 6 9 6
.0 4 9 0 0 .0 0 1 0 0 11 .6 - 5 . 8 7 0
.0 4 8 5 0 .0 0 1 5 0 2 2 . 0 - 6 . 0 8 2
.0 4 7 5 0 .0 0 2 5 0 3 3 .2 - 6 .7 2 1
.0 4 7 5 0 .0 0 2 5 0 41 .0 - 6 .7 2 1
.0 4 6 7 5 .0 0 3 2 5 5 7 .0 - 7 .8 3 3
.0 4 6 7 5 .0 0 3 2 5 8 7 .8 - 7 , 8 3 3
.0 4 6 5 0 .0 0 3 5 0 1 0 2 .2 - 8 .9 7 1
.0 4 6 5 0 .0 0 3 5 0 1 2 0 .0 - 8 .9 7 1
ne
T a b l e  50
K i n e t  i c  D a t a  
c y c l o h e x a n  
Conc en
f o r  t h e  E p i m e r i z a t i o n  o f  0 . 1 0  M D i me t h y  
e d i c a r b o x y l a t e  w i t h  S o d i u m M e t h o x i d e  a t  
t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c i s - 1 , 2 -  
2 5 ° .
c o n c . , c  i s c o n c . , t r a n s t i m e ( h r s . ) In(AK-B)
.1 0 0 0 0 .0 0 0 0 0 0 . 0 1 .9 8 9  X 10-1
.0 9 8 0 0 .0 0 2 0 0 1 .0 1 .7 7 0  X 10“ ^
.0 9 5 6 0 .0 0 4 4 0 2 . 8 1 .5 0 1  X 10-1
.0 9 5 0 0 .0 0 5 0 0 5 . 0 1 .4 3 2  X 10-1
.0 9 6 6 0 .0 0 3 4 0 6 .5 1 . 6 1 4  X 10-1
.0 9 3 2 0 .0 0 6 8 0 1 0 .7 1 .2 2 4  X 10-1
.0 9 1 5 0 .0 0 8 5 0 2 0 .3 1 .0 2 4  X 10-1
.0 8 6 5 0 .0 1 3 5 0 3 5 .8 4 .0 9 5  X 1 0 -2
.0 6 9 9 0 .0 3 0 1 0 1 0 6 .7 - 1 . 9 5 2  X 10-1
.0 5 2 8 0 .0 4 7 2 0 1 8 2 .3 - 5 . 1 5 9  X 10~1
.0 3 0 8 0 .0 6 9 7 0 4 7 2 .3 - 1 . 2 0 4
.0 1 1 0 0 .0 8 9 0 0 8 1 5 .8 - 3 .0 9 7
.0 1 0 0 0 .0 9 0 0 0 1 2 0 9 .3 - 3 .4 4 2
r i  9
T a b l e  51
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 .1 0  M D i m e t h y l  t r a n s - 1 , 2 -  
c y c I o h e x a n e d i c a r b o x y I  a t e  w i t h  S o d i u m M e t h o x i d e  a t  2 5 * .  
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , t r a n s c o n c . , ci  s t  i m e ( h r s . ) In(AK-B)
.1 0 0 0 0 .0 0 0 0 0 0 . 0 - 4 .7 9 1
.0 9 9 0 0 .0 0 1 0 0 1 .0 - 4 .9 3 1
.0 9 9 0 0 .0 0 1 0 0 2 . 8 - 4 .9 3 1
.0 9 9 0 0 .0 0 1 0 0 5 . 0 - 4 .9 3 1
.0 9 9 0 0 .0 0 1 0 0 6 .5 - 4 .9 3 1
.0 9 9 0 0 .0 0 1 0 0 1 0 . 7 - 4 .9 3 1
.0 9 8 0 0 .0 0 2 0 0 2 0 .3 - 5 . 0 9 4
.0 9 7 5 0 .0 0 2 5 0 3 5 .8 - 5 . 1 8 6
.0 9 6 0 0 .0 0 4 0 0 1 0 6 .7 - 5 .5 2 9
.0 9 6 0 0 .0 0 4 0 0 1 8 2 .3 - 5 . 5 2 9
.0 9 3 5 0 .0 0 6 5 0 4 7 2 .3 - 6 . 6 7 6
.0 9 3 0 0 .0 0 7 0 0 8 1 5 .8 - 7 . 2 3 8
.0 9 2 0 0 .0 0 8 0 0 1 2 0 9 .3 - 7 .9 1 8
120
T a b l e  52
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 .0 1  M D i m e t h y l  c i s - 1 , 2 -  
c y c I o h e x a n e d i c a r b o x y I  a t e  w i t h  S o d i u m M e t h o x i d e  a t  50® . 
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , c  i s c o n c . , t r a n s t i m e ( h r s . ) In(AK-B)
.0 1 0 0 0 .0 0 0 0 0 0 . 0 - 2 .1 8 0
.0 0 8 1 0 .0 0 1 9 0 3 5 .3 - 2 . 4 1 2
.0 0 6 9 9 .0 0 3 0 1 6 1 . 9 - 2 . 5 7 7
.0 0 6 2 9 .0 0 3 1 5 1 0 1 . 9 - 2 . 6 8 9
.0 0 5 3 8 .0 0 4 6 2 1 4 0 .5 - 2 . 8 7 9
.0 0 4 3 0 .0 0 5 7 0 1 7 1 .5 - 3 . 1 4 9
.0 0 4 1 6 .0 0 5 8 4 2 0 5 .8 - 3 . 1 9 0
.0 0 2 6 9 .0 0 7 3 1 3 9 5 .3 - 3 .7 6 8
.0 0 1 3 5 .0 0 8 6 5 5 5 8 .5 - 5 . 0 2 0
.0 0 1 0 0 .0 0 9 0 0 7 8 6 .3 - 6 .0 7 5
.0 0 0 8 5 .0 0 9 1 5 1 0 0 7 .3 - 7 . 6 9 5
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T a b l e  53
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 .0 1  M D i m e t h y l  t r a n s - 1 , 2 -  
c y c I o h e x a n e d i c a r b o x y I  a t e  w i t h  S o d i u m  M e t h o x i d e  a t  5 0 ° .  
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , t r a n s c o n c . , c i s t  i m e ( h r s . ) In(AK-B)
.0 1 0 0 0 .0 0 0 0 0 0 . 0 - 7 . 0 2 4
.0 0 9 7 5 .0 0 0 2 5 3 5 .3 - 7 .3 8 9
.0 0 9 6 0 .0 0 0 4 0 6 1 . 9 - 7 .6 9 7
.0 0 9 5 0 .0 0 0 5 0 1 0 1 . 9 - 7 .9 7 1
.0 0 9 6 0 .0 0 0 4 0 1 4 0 .5 - 7 .6 9 7
.0 0 9 5 0 .0 0 0 5 0 1 7 1 . 5 - 7 .9 7 1
.0 0 9 4 0 .0 0 0 6 0 2 0 5 .8 - 8 .3 4 9
.0 0 9 3 5 .0 0 0 6 5 3 9 5 .3 - 8 .6 1 1
.0 0 9 2 5 .0 0 0 7 5 5 5 8 .5 - 9 .5 2 2
.0 0 9 1 0 .0 0 0 9 0 7 8 6 .3 - 9 .3 1 5
.0 0 9 2 0 .0 0 0 8 0 1 0 0 7 .3 - 1 0 .8 8 2
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Ta b  I e 5 4
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 , 0 5  M D i m e t h y l  c i s - 1 , 2 -
c y c l o h e x a n e d i c a r b o x y  I a t e  w i t h  S o d i u m M e t h o x i d e  a t  5 0 ° .
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , c i s c o n c . , t r a n s t  i m e ( h r s . ) i n( AK- B)
.0 5 0 0 0 .0 0 0 0 0 0 . 0 - 5 .5 3 3  X 10-1
.0 4 8 0 0 .0 0 2 0 0 0 .5 - 5 . 9 7 7  X 10-1
.0 4 7 7 5 .0 0 2 2 5 1 .0 - 6 . 0 3 4  X 10-1
.0 4 5 6 5 .0 0 4 9 0 2 . 0 - 6 .5 3 7  X 10~^
.0 4 5 3 5 .0 0 4 6 5 3 . 0 - 6 .5 9 9  X 10-1
.0 4 4 1 5 .0 0 5 8 5 4 . 0 - 6 .8 9 3  X 10-1
.0 4 6 2 5 .0 0 7 3 5 5 . 0 - 7 . 2 7 4  X 10-1
.0 4 1 7 5 .0 0 8 2 5 6 . 0 - 7 .5 1 0  X 10-1
.0 3 9 2 5 .0 1 0 7 5 7 . 0 - 8 .1 9 5  X 10-1
.0 3 8 4 5 .0 1 1 5 5 8 . 0 - 8 . 4 2 4  X 10-1
.0 3 4 7 5 .0 1 5 2 5 1 0 .0 - 9 .5 6 0  X 10-1
.0 2 7 5 0 .0 2 2 5 0 1 4 .0 - 1 .2 2 5
.0 2 5 6 0 .0 2 4 4 0 2 4 .0 - 1 .3 0 9
.0 2 2 5 0 .0 2 7 5 0 2 7 .5 - 1 .4 6 4
.0 1 9 7 5 .0 3 0 2 5 3 3 .5 - 1 .6 2 5
.0 1 7 7 5 .0 3 2 2 5 5 2 .0 - 1 .7 6 1
.0 1 2 0 5 .0 3 7 9 5 7 8 .0 - 2 .2 9 6
.0 0 5 5 0 .0 4 4 5 0 8 7 .5 - 3 .9 7 6
.0 0 5 2 5 .0 4 4 7 5 1 2 7 .3 - 4 .1 5 9
.0 0 5 0 0 .0 4 5 0 0 1 4 8 .0 - 4 .3 8 1
.0 0 4 7 5 .0 4 5 2 5 1 7 2 .5 - 4 .6 6 9
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T a b l e  55
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i on o f  0 .0 5  M D i m e t h y l  t r a n s - 1 , 2 -
c yc  I o h e x a n e d i c a r b o x y I  a t e  w i t h  S o d i u m M e t h o x i d e  a t  50® .
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . t r a n s c o n c . , c  i s t  i m e ( h r s . ) In(AK-B)
.0 5 0 0 0 .0 0 0 0 0 0 . 0 - 5 .4 3 8
.0 4 9 5 0 .0 0 0 5 0 0 . 5 - 5 .5 7 1
.0 4 9 5 0 .0 0 0 5 0 1 .0 - 5 .5 7 1
.0 4 9 0 0 .0 0 1 0 0 2 . 0 - 5 .7 2 5
.0 4 9 2 5 .0 0 0 7 5 3 . 0 - 5 .6 4 5
.0 4 8 5 0 .0 0 1 5 0 4 . 0 - 5 . 9 0 7
.0 4 8 5 0 .0 0 1 5 0 5 . 0 - 5 . 9 0 7
.0 4 8 2 5 .0 0 1 7 5 6 . 0 - 6 .0 1 3
.0 4 8 0 0 .0 0 2 0 0 7 . 0 - 6 .1 3 0
.0 4 8 2 5 .0 0 1 7 5 8 . 0 - 6 .0 1 3
.0 4 8 2 5 .0 0 1 7 5 1 0 .0 - 6 .0 1 3
.0 4 7 7 5 .0 0 2 2 5 1 4 .0 - 6 . 2 6 4
.0 4 7 0 0 .0 0 3 0 0 2 4 .0 0 - 6 . 8 2 2
.0 4 7 0 0 .0 0 3 0 0 2 7 .5 - 6 .8 2 2
.0 4 7 2 5 .0 0 2 7 5 3 3 .5 - 6 .6 0 0
.0 4 7 0 0 .0 0 3 0 0 5 2 .0 - 6 . 8 2 2
.0 4 6 7 5 .0 0 4 2 5 7 8 .0 - 8 . 6 0 7
.0 4 6 7 5 .0 0 3 2 5 8 7 .5 - 7 .1 1 0
.0 4 6 0 0 .0 0 4 0 0 1 2 7 .3 - 1 3 .1 2 2
.0 4 6 2 5 .0 0 3 7 5 1 4 8 .0 - 8 .2 0 3
.0 4 6 5 0 .0 0 3 5 0 1 7 2 .5 - 7 . 5 1 4
.0 4 6 0 0 .0 0 4 0 0 2 0 4 .5 - 1 3 .1 2 2
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T a b l e  5 6
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 . 1 0  M D i m e t h y l  c i s - 1 , 2 -  
c y c I o h e x a n e d i c a r b o x y l a t e  w i t h  S o d i u m M e t h o x i d e  a t  5 0 ° .  
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , c  i s c o n c . , t r a n s t i m e ( h r s . ) I n(AK-B)
.0 9 8 5 0 .0 0 1 5 0 0 . 0 3 .1 9 5  X 1 0 -3
.0 9 5 4 0 .0 0 4 6 0 0 . 7 - 3 .2 0 3  X 1 0 -2
.0 9 0 0 0 .0 1 0 0 0 1 .5 - 9 .6 5 1  X 1 0 -2
.0 8 4 0 0 .0 1 6 0 0 2 .5 - 1 . 7 3 4  X 10-1
.0 7 8 5 0 .0 2 1 5 0 3 . 5 - 2 .4 9 5  X 10 -1
.0 7 5 8 0 .0 2 4 2 0 4 . 5 - 2 .8 9 1  X 10-1
.0 6 6 9 0 .0 3 3 1 0 6 . 8 - 4 . 3 1 9  X 10"1
.0 6 3 2 0 .0 3 6 8 0 8 . 0 - 4 . 9 7 8  X I Q- I
.0 4 7 8 0 .0 5 2 2 0 1 2 .5 - 8 . 3 1 6  X 10-1
.0 3 9 9 0 .0 6 0 1 0 1 7 .8 - 1 . 0 5 9
.0 1 5 5 0 .0 8 4 5 0 3 7 .5 - 2 . 6 0 9
.0 1 0 0 0 .0 9 0 0 0 1 0 8 .1 - 4 .4 2 3
.0 1 0 0 0 .0 9 0 0 0 1 8 3 .9 - 4 .4 2 3
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T a b l e  57
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 . 1 0  M D i m e t h y l  t r a n s - 1 . 2 -
c y c I o h e x a n e d i c a r b o x y l a t e  w i t h  S o d i u m  M e t h o x i d e  a t  50®.
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , t r a n s c o n c . , c i s t i m e ( h r s . ) I n(AK-B)
.1 0 0 0 0 .0 0 0 0 0 0 . 0 - 4 .6 1 5
.1 0 0 0 0 .0 0 0 0 0 0 . 7 - 4 . 6 1 5
.0 9 9 0 0 .0 0 1 0 0 1 .5 - 4 .7 3 3
.0 9 9 0 0 .0 0 1 0 0 2 .5 - 4 .7 3 3
.0 9 7 5 0 .0 0 2 5 0 3 .5 - 4 . 9 4 0
.0 9 7 0 0 .0 0 3 0 0 4 . 5 - 5 . 0 2 0
.0 9 6 0 0 .0 0 4 0 0 6 .8 - 5 . 2 0 2
.0 9 6 0 0 .0 0 4 0 0 8 . 0 - 5 . 2 0 2
.0 9 5 5 0 .0 0 4 5 0 1 2 .5 - 5 . 3 0 7
.0 9 5 0 0 .0 0 5 0 0 1 7 .8 - 5 .4 2 5
.0 9 1 5 0 .0 0 8 5 0 3 7 .5 - 7 . 4 9 0
.0 9 0 5 0 .0 0 9 5 0 1 0 8 .1 - 7 .5 2 3
.0 9 0 0 0 .0 1 0 0 0 1 8 3 .9 - 6 . 8 2 2
1 2 6
T a b l e  58
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t  i on o f  0 .0 5  M D i m e t h y l  c i s - l - m e t h y I
1 , 2 - c y c l o h e x a n e d i c a r b o x y l a t e  w i t h  S o d i u m M e t h o x i d e  a t  2 5 ° .  
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , c i  s c o n c . , t  r a n s t  i m e ( h r s . ) In(AK-B)
.0 5 0 0 0 .0 0 0 0 0 0 . 0 - 2 ,3 8 6
.0 5 0 0 0 .0 0 0 0 0 1 6 8 .8 - 2 . 3 8 6
.0 4 6 7 0 .0 0 3 3 0 5 6 0 .1 - 2 .4 9 3
.0 4 5 9 5 .0 0 4 0 5 7 7 4 .0 - 2 .5 2 0
.0 4 5 9 5 .0 0 4 0 5 9 6 7 .6 - 2 .5 2 0
.0 4 5 2 5 .0 0 4 7 5 1 3 2 0 . 4 - 2 .5 4 5
.0 4 2 9 5 .0 0 7 0 5 1 8 0 6 .9 - 2 .6 3 1
.0 4 4 0 5 . 0 0 5 9 5 1 9 9 0 .8 - 2 .5 8 9
.0 4 1 5 5 .0 0 8 4 5 2 6 6 0 .7 - 2 .6 8 8
.0 3 8 7 0 .0 1 1 3 0 3 2 4 6 .7 - 2 .8 1 5
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T a b l e  59
K i n e t i c  d a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 .0 5  M D i m e t h y l  t r a n s - 1 -  
m e t h y 1 - 1 , 2 - c y c 1o h e x a n e d i c a r b o x y ! a t e  w i t h  S o d i u m M e t h o x i d e
a t  2 5 ° . C o n c e n t r â t  i ons  a r e e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , t r a n s c o n c . , c i s t  i m e ( h r s . ) In(AK-B)
.0 3 9 6 5 .0 1 0 3 5 0 . 0 - 4 .4 8 3
.0 3 9 6 5 .0 1 0 3 5 1 6 8 .8 - 4 .4 8 3
.0 4 0 0 0 .0 1 0 0 0 5 6 0 .1 - 4 . 4 3 6
.0 3 8 7 5 .0 1 1 2 5 7 7 4 .0 - 4 . 6 1 4
.0 3 9 4 0 .0 1 0 6 0 9 6 7 .6 - 4 . 5 1 8
.0 3 9 4 0 .0 1 0 6 0 1 3 2 0 .4 - 4 . 5 1 8
.0 3 9 5 0 .0 1 0 5 0 1 8 0 6 .9 - 4 . 5 0 4
.0 3 8 1 0 .0 1 1 9 0 1 9 9 0 .8 -4 = 7 2 1
.0 3 8 1 5 .0 1 1 8 5 2 6 6 0 .7 - 4 .7 1 3
.0 3 8 5 0 .0 1 1 5 0 3 2 4 6 .7 - 4 . 6 5 4
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T a b  1e 60
K i n e t i c s  o f  E p i m e r i z a t i o n  o f  0 .0 5  M D i m e t h y l  c j _ s - l - m e t h y 1 - 1 , 2 -  
c y c !  o h e x a n e d  i c a r b o x y  I a t e  w i t h  S o d i u m M e t h o x i d e  a t  3 5 * .  
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , c i s c o n c . , t r a n s t  i m e ( h r s . ) I n ( AK- B)
.0 5 0 0 0 .0 0 0 0 0 0 . 0 - 2 .3 8 6
.0 5 0 0 0 .0 0 0 0 0 1 5 .9 - 2 . 3 8 6
.0 5 0 0 0 .0 0 0 0 0 3 0 .8 - 2 . 3 8 6
.0 5 0 0 0 .0 0 0 0 0 5 3 . 4 - 2 . 3 8 6
.0 5 0 0 0 .0 0 0 0 0 7 0 .3 - 2 . 3 8 6
.0 4 9 7 5 .0 0 0 2 5 1 0 2 .1 - 2 . 3 9 4
.0 4 8 1 5 .0 0 1 8 5 1 4 6 .3 - 2 .4 4 5
.0 4 3 4 5 .0 0 6 6 5 6 0 1 .9 - 2 . 6 1 3
.0 3 7 5 5 .0 1 2 4 5 1 2 9 7 .4 - 2 .8 7 1
.0 3 4 3 0 .0 1 5 8 5 1 9 0 5 .4 - 3 . 0 5 2
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T a b l e  61
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 .0 5  M D i m e t h y l  t r a n s - 1 -  
m e t h y 1 - 1 , 2 - c y c l o h e x a n e d i c a r b o x y I  a t e  w i t h  S o d i u m  M e t h o x i d e  a t  
3 5 ° .  C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , t r a n s c o n c . , c i s t i m e ( h r s . ) In(AK-B)
.0 4 0 0 0 .0 1 0 0 0 0 . 0 - 4 .4 3 6
.0 3 9 6 5 .0 1 0 3 5 1 5 .9 - 4 .4 8 3
.0 4 0 0 0 .0 1 0 0 0 3 0 .8 - 4 .4 3 6
.0 3 9 8 5 .0 1 0 1 5 5 3 . 4 - 4 .4 5 6
.0 3 9 0 0 .0 1 1 0 0 7 0 .3 - 4 .5 7 6
.0 4 0 0 0 .0 1 0 0 0 1 0 2 .1 - 4 .4 3 6
.0 3 9 5 5 .0 1 0 4 5 1 4 6 .3 - 4 .4 9 7
.0 3 9 1 0 .0 1 0 9 0 6 0 1 .9 - 4 .5 6 1
.0 3 6 6 0 .0 1 3 4 0 1 2 9 7 .4 - 5 .0 2 3
.0 3 6 4 0 .0 1 3 6 0 1 9 0 5 .4 - 5 .0 7 1
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T a b l e  62
K i n e t i c  Da t a  f o r  t h e  E p i m e r i z a t i on o f  0 . 0 1  D i m e t h y l  c i s - 1 - m e t h y I
1 , 2 - c y c I o h e x a n e d I c a r b o x y 1 a t e  w i t h  S o d i u m  M e t h o x i d e  a t  50®.
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  i n  m o l e s / l i t e r .
c o n c .  , c i s c o n c . , t r a n s t  i m e ( h r s . ) I n(AK-B)
.0 1 0 0 0 .0 0 0 0 0 0 . 0 - 3 .9 9 5
.0 0 9 5 5 .0 0 0 4 5 1 4 4 .0 - 4 .0 6 7
.0 0 8 1 5 .0 0 1 8 5 5 9 1 .7 - 4 . 3 3 2
.0 0 7 5 8 .0 0 2 4 2 9 0 0 .6 - 4 .4 6 3
.0 0 7 5 6 .0 0 2 4 4 1 1 6 8 .3 - 4 .4 6 8
.0 0 6 6 6 .0 0 3 3 4 1 5 1 4 .5 - 4 .7 2 0
.0 0 6 5 6 .0 0 3 4 4 1 8 4 1 .6 - 4 . 7 5 2
.0 0 6 0 4 .0 0 3 9 6 2 3 9 3 .7 - 4 . 9 4 0
131
T a b l e  63
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i on o f  0 .0 1  M D i m e t h y l  t r a n s - 1 - m e t h y I
1 , 2 - c y c I o h e x a n e d i c a r b o x y I  a t e  w i t h  S o d i u m  M e t h o x i d e  a t  5 0 ° .  
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  i n  m o l e s / l i t e r .
c o n c . , t r a n s c o n c . , CIS t  i m e ( h r s . ) In(AK-B)
.0 0 7 9 2 .0 0 2 0 8 0 . 0 - 6 . 0 9 9
.0 0 7 8 1 .0 0 2 1 9 1 4 4 .0 - 6 .1 7 8
.0 0 7 4 8 .0 0 2 5 2 5 9 1 . 7 • -6 ,4 6 0
.0 0 7 4 2 .0 0 2 5 8 9 0 0 .6 - 6 . 5 2 2
.0 0 7 3 7 .0 0 2 6 3 1 1 6 8 .3 - 6 . 5 7 6
.0 0 7 5 2 .0 0 2 4 8 1 5 1 4 .5 - 6 . 4 2 2
.0 0 7 2 0 .0 0 2 8 0 1 8 4 1 .6 - 6 . 7 8 4
.0 0 7 0 8 .0 0 2 9 2 2 3 9 3 .7 - 6 . 9 6 4
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T a b l e  64
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 . 0 5  D i m e t h y l  c i s - 1 - m e t h y
1 , 2 - c y c 1o h e x a n e d i c a r b o x y ! a t e  w i t h  S o d i u m M e t h o x i d e  a t  5 0 ° .
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , c i  s c o n c . , t r a n s t i m e ( h r s . ) In(AK-B)
.0 5 0 0 0 .0 0 0 0 0 0 . 0 - 2 . 3 8 6
.0 5 0 0 0 .0 0 0 0 0 0 . 3 - 2 .3 8 6
.0 5 0 0 0 .0 0 0 0 0 0 . 5 - 2 . 3 8 6
.0 4 9 1 5 .0 0 0 8 5 0 . 9 - 2 .4 1 3
.0 4 8 3 0 .0 0 1 7 0 1 2 .5 - 2 .4 4 0
.0 4 5 0 0 .0 0 5 0 0 4 6 .6 - 2 . 5 5 4
.0 4 3 0 5 .0 0 6 9 5 1 0 6 .1 - 2 . 6 2 7
.0 4 2 2 5 .0 0 7 7 5 1 4 4 .5 - 2 . 6 5 9
.0 3 6 6 5 .0 1 3 3 5 2 7 8 .5 - 2 . 9 1 7
.0 2 4 9 5 .0 2 5 0 5 7 4 2 .9 - 3 .8 7 0
.0 2 2 1 5 .0 2 7 8 5 9 8 4 .3 - 4 . 3 5 0
.0 1 9 8 0 .0 3 0 2 0 1 3 6 5 .3 - 5 . 0 7 8
.0 1 9 3 0 .0 3 0 7 0 1 6 1 3 .9 - 5 .3 3 7
.0 1 3 5 0 .0 3 1 5 0 1 8 1 3 .5 - 5 . 9 7 6
.0 1 8 0 0 .0 3 2 0 0 2 0 9 9 .9 - 6 . 7 9 4
.0 1 8 1 0 .0 3 1 9 0 2 1 6 4 .0 - 6 .5 6 8
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T a b l e  65
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i on o f  0 ,0 5  M t r a n s - 1 - m e t h y I -
1 , 2 - c y c l o h e x a n e d i c a r b o x y I  a t e  w i t h  S o d i u m M e t h o x i d e  a t  5 0 ° .  
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  i n  m o l e s / l i t e r .
c o n c . , t r a n s c o n c . , c i s t  i m e ( h r s . ) In(AK-B)
.0 3 8 7 5 .0 1 1 2 5 0 . 0 - 4 .6 1 1
.0 3 8 7 0 .0 1 1 3 0 0 . 5 - 4 .6 1 8
.0 3 8 4 0 .0 1 1 6 0 1 2 .5 - 4 .6 6 7
.0 3 7 4 5 .0 1 2 5 5 1 4 4 .5 - 4 .8 3 6
.0 3 6 7 0 .0 1 3 3 0 2 7 8 .5 - 4 .9 9 5
.0 3 3 6 0 .0 1 6 4 0 7 4 2 .9 - 6 .2 2 5
.0 3 3 9 5 .0 1 6 0 5 9 8 4 .4 - 5 .9 8 3
.0 3 3 2 0 .0 1 6 8 0 1 3 6 5 .3 - 6 .6 0 0
.0 3 1 8 5 .0 1 8 1 5 1 6 1 3 .9 - 7 .2 2 5
.0 3 2 8 0 .0 1 7 2 0 1 8 1 3 .5 - 7 .2 0 7
.0 3 3 7 5 .0 1 6 2 5 2 0 9 9 .9 - 6 . 1 1 4
.0 3 2 4 0 .0 1 7 6 0 2 1 6 4 .0 - 9 .0 0 5
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T a b l e  66
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 . 1 0  M D i m e t h y l  c i s - l - m e t h y I
1 , 2 - c y c l o h e x a n e d i c a r b o x y ! a t e  w i t h  S o d i u m  M e t h o x i d e  a t  5 0 * .
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  i n  m o l e s / l i t e r .
c 0 n c . ,  c i s c o n c . , t r a n s t  i m e ( h r s . ) I n(AK-B)
.1 0 0 0 0 .0 0 0 0 0 0 . 0 - 1 .7 4 1
.1 0 0 0 0 .0 0 0 0 0 3 . 2 - 1 .7 4 1
.1 0 0 0 0 .0 0 0 0 0 4 . 8 - 1 .7 4 1
.0 9 9 0 0 .0 0 1 0 0 8 .5 - 1 . 7 5 7
.0 9 3 8 0 .0 0 6 2 0 1 1 . 9 - 1 .8 4 3
.0 9 2 7 0 .0 0 7 3 0 1 8 .8 - 1 .8 6 2
.0 8 8 5 0 .0 1 1 5 0 2 4 .7 - 1 .9 4 0
.0 8 6 7 0 .0 1 3 3 0 4 8 .1 - 1 .9 7 5
.0 8 3 8 0 .0 1 6 2 0 7 2 .1 - 2 . 0 3 4
.0 6 9 6 0 .0 3 0 4 0 1 2 2 .1 - 2 .3 8 9
.0 6 0 5 0 .0 3 9 5 0 2 0 2 .1 - 2 .7 0 9
.0 4 0 8 0 .0 5 9 2 0 6 4 9 .8 - 4 .3 9 3
.0 3 7 5 0 .0 6 2 5 0 8 1 8 .8 - 5 .7 2 1
.0 3 6 8 0 .0 6 3 2 0 9 4 0 .3 - 6 .6 1 0
.0 3 6 0 0 .0 6 4 0 0 1 0 6 6 .0 - 7 .0 6 3
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Tab I e 67
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 . 1 0  M D i m e t h y l  t r a n s - 1 -  
m e t h y i - 1 , 2 - c y c l o h e x a n e d i c a r b o x y 1 a t e  w i t h  S o d i u m M e t h o x i d e
a t  5 0 ° . C o n c e n t r a t i o n s  a r e e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , t r a n s c o n c . , c i s t  i m e ( h r s . ) I n (AK-B)
.0 7 8 5 0 ,0 2 1 5 0 0 . 0 - 3 . 7 7 9
.0 7 9 2 0 .0 2 0 8 0 3 . 2 - 3 . 7 3 2
.0 7 9 1 0 .0 2 0 9 0 4 . 8 - 3 .7 3 8
.0 7 7 6 0 .0 2 2 4 0 8 .5 - 3 . 8 4 2
.0 7 9 0 0 .0 2 1 0 0  , 1 1 . 9 - 3 .7 4 5
.0 7 6 7 0 .0 2 3 3 0 1 8 .8 - 3 .9 1 0
.0 7 6 9 0 .0 2 3 1 0 2 4 .7 - 3 . 8 9 5
.0 7 5 9 0 .0 2 4 1 0 4 8 .1 - 3 .9 7 5
.0 7 4 4 0 .0 2 5 6 0 7 2 .1 - 5 . 1 0 8
.0 7 3 0 0 .0 2 7 0 0 1 2 2 . 1 - 4 .3 5 1
.0 6 9 2 0 .0 3 0 8 0 2 0 2 .1 - 4 . 7 9 2
.0 6 3 5 0 .0 3 6 5 0 6 4 9 .8 - 7 . 3 8 2
.0 6 4 6 0 .0 3 5 4 0 8 1 8 .8 - 6 . 8 1 3
.0 6 4 1 0 .0 3 5 9 0 9 4 0 .3 - 8 . 0 5 8
.0 6 4 0 0 .0 3 6 0 0 1 0 6 6 .0 - 8 .7 4 0
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T a b l e  68
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i on o f  0 . 0 1  M D i m e t h y l  c i s - 1 , 2 -
c y c l o h e x - 4 - e n e d i c a r b o x y 1 a t e  w i t h  S o d i u m  M e t h o x i d e  a t  2 5 * .
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . . c i s c o n c . , t r a n s t  i m e ( h r s . ) I n(AK-B)
.0 1 0 0 0 .0 0 0 0 0 0 . 0 - 3 .5 6 5
.0 0 9 2 5 .0 0 0 7 5 4 7 . 8 - 3 . 6 7 2
.0 0 7 6 8 .0 0 2 3 2 1 5 5 .0 - 3 . 9 4 2
.0 0 6 4 4 .0 0 3 5 5 2 8 8 .5 - 4 . 2 2 2
.0 0 6 2 0 .0 0 3 8 0 3 3 8 .0 - 4 . 2 8 7
.0 0 5 1 5 .0 0 4 8 5 5 0 4 .5 - 4 .6 3 3
.0 0 4 9 6 .0 0 5 0 4 5 5 2 .8 - 4 .7 1 1
.0 0 4 1 1 .0 0 5 8 9 7 1 9 .8 - 5 . 1 6 0
.0 0 3 6 3 .0 0 6 3 7 8 9 3 .9 - 5 . 5 4 6
.0 0 3 2 6 .0 0 6 7 4 1 0 5 6 .5 - 5 . 9 9 7
.0 0 3 0 7 .0 0 6 9 3 1 2 2 9 .1 - 6 . 3 4 4
.0 0 2 6 3 .0 0 7 3 7 1 3 9 5 .5 - 9 . 5 2 6
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T a b ! e 69
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 .0 1  M D i m e t h y l  t r a n s - 1 , 2 -  
c y c l o h e x - 4 - e n e d i c a r b o x y I  a t e  w i t h  S o d i u m M e t h o x i d e  a t  25® . 
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , t r a n s c o n c . , c i s t  i m e ( h r s . ) i n ( AK- B)
.0 1 0 0 0 .0 0 0 0 0 0 . 0 - 5 .6 3 2
.0 0 9 8 0 .0 0 0 2 0 7 4 .8 - 5 .7 1 1
.0 0 9 4 5 .0 0 0 5 5 1 1 8 . 9 - 5 .8 6 6
.0 0 9 1 4 .0 0 0 8 6 2 8 1 .5 - 6 .0 2 7
.0 0 8 8 6 .0 0 1 1 4 4 5 4 .1 - 6 .1 9 9
.0 0 8 8 4 .0 0 1 1 6 6 2 0 .5 - 6 .2 1 2
.0 0 8 5 8 .0 0 1 6 2 8 8 4 .0 - 6 .5 3 5
.0 0 8 1 8 .0 0 1 8 2 1 0 2 8 .4 - 6 .8 0 5
.0 0 8 1 2 .0 0 1 8 8 1 4 2 6 .0 - 6 .8 8 1
.0 0 8 0 5 .0 0 1 9 5 1 8 2 0 .0 - 6 .9 7 8
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T a b l e  70
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 .0 5  M D i m e t h y l  c i s - 1 , 2 -  
c y c i o h e x - 4 - e n e d I c a r b o x y I  a t e  w i t h  S o d i u m  M e t h o x i d e  a t  25® . 
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , c i s c o n c . , t r a n s t  i m e ( h r s . ) i n ( AK- B)
.0 4 9 7 5 .0 0 0 2 5 0 . 0 - 2 . 0 1 7
.0 4 0 3 0 .0 0 9 7 0 4 8 .0 - 2 .3 2 0
.0 2 7 5 0 .0 2 2 5 0 1 5 4 .5 - 2 . 9 7 2
.0 1 9 9 0 .0 3 0 1 0 2 8 8 .0 - 3 . 7 6 2
.0 1 8 7 5 .0 3 1 2 5 2 3 7 .5 - 3 .9 6 3
.0 1 5 1 0 .0 3 4 9 0 5 0 4 .0 - 5 .1 9 1
.0 1 4 6 5 .0 3 5 3 5 5 5 2 .5 - 5 . 5 4 4
.0 1 2 9 5 .0 3 7 0 5 7 2 0 .3 - 6 .0 5 6
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T a b l e  71
K i n e t i c  D a ta  f o r  t h e  E p i m e r i z a t i on o f  0 .0 5  M D i m e t h y l  t r a n s - 1 , 2 -  
c y c l o h e x - 4 - e n e d i c a r b o x y I  a t e  w i t h  S o d i u m M e t h o x i d e  a t  2 5 * .  
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , t r a n s c o n c . , c i  s t  i m e ( h r s . ) I n ( AK- B)
.0 5 0 0 0 .0 0 0 0 0 0 . 0 - 3 . 9 6 6
.0 4 4 6 5 .0 0 5 3 5 7 5 .0 - 4 . 4 5 9
.0 4 3 2 5 .0 0 6 7 5 1 1 9 .0 - 4 . 6 4 2
.0 4 0 2 0 .0 0 9 8 0 2 8 1 .5 - 5 . 2 1 5
.0 3 8 5 5 .0 1 1 4 5 4 5 4 .2 - 5 . 7 5 7
.0 3 7 4 0 .0 1 2 6 0 6 2 0 .5 - 6 . 4 5 4
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T a b l e  72
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 . 1 0  M D i m e t h y l  c i s - 1 . 2 -
c y c I o h e x - 4 - e n e d i c a r b o x y 1 a t e  w i t h  Sod i um M e t h o x i d e  a t  25®.
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , c i s c o n c . , t r a n s t i m e ( m i n . ) In( AK- B)
.1 0 0 0 0 .0 0 0 0 0 0 . 0 - 1 .0 9 6
.0 9 9 0 0 .0 0 1 0 0 2 5 .0 - 1 . 1 1 0
.0 9 7 4 0 .0 0 2 6 0 5 5 . 0 - 1 . 1 3 1
.0 9 5 4 0 .0 0 4 6 0 2 6 0 .0 - 1 .1 5 8
.0 8 8 9 0 .0 1 1 1 0 5 1 5 .0 - 1 . 2 5 2
.0 8 6 6 0 .0 1 3 4 0 7 5 0 .0 - 1 . 2 8 8
.0 8 2 7 0 .0 1 7 3 0 1 0 0 0 .0 - 1 .3 5 1
.0 6 8 3 0 .0 3 1 7 0 2 4 5 5 .0 - 1 . 6 2 7
.0 5 4 9 0 ,0 4 5 1 0 4 1 7 5 .0 - 1 .9 7 9
.0 3 8 4 0 .0 6 1 6 0 8 2 7 5 .0 - 2 .7 0 8
.0 2 6 2 0 .0 7 3 8 0 1 6 9 3 5 .0 - 4 . 2 9 0
.0 2 4 2 0 .0 7 5 8 0 4 2 0 0 0 .0 - 5 .2 9 3
.0 2 1 4 0 .0 7 8 6 0 6 6 0 3 5 .0 - 4 . 9 4 4
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T a b l e  73
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 . 1 0  M D i m e t h y l  t r a n s - 1 , 2 -
c y c I o h e x - 4 - e n e d i c a r b o x y I  a t e  w i t h  S o d i u m M e t h o x i d e  a t  2 5 * .
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . . t r a n s c o n c . , c i s t  ime(mi  n . ) I n(AK-B)
.1 0 0 0 0 .0 0 0 0 0 0 . 0 - 3 .4 9 7
.0 9 9 5 0 .0 0 0 5 0 2 5 .0 - 3 .5 1 8
.0 9 7 3 0 .0 0 2 7 0 5 5 .0 - 3 .6 2 0
.0 4 9 3 0 .0 0 5 7 0 5 1 5 .0 - 3 .7 7 8
.0 9 3 9 0 .0 0 6 1 0 7 5 0 .0 - 3 .8 0 1
.0 9 3 6 0 .0 0 6 4 0 1 0 0 0 .0 - 3 .8 1 8
.0 8 5 9 0 .0 1 4 1 0 2 4 5 5 .0 - 4 .4 2 9
.0 8 3 6 0 .0 1 6 4 0 4 1 7 5 .0 - 4 .7 1 8
.0 7 9 1 0 .0 2 0 9 0 8 2 7 5 .0 - 5 .7 8 7
.0 7 5 0 0 .0 2 5 0 0 1 6 9 3 5 .0 - 6 .0 8 6
.0 7 7 2 0 .0 2 2 8 0 4 2 0 0 0 .0 - 7 .4 3 3
.0 7 7 9 0 .0 2 2 1 0 6 6 0 3 5 .0 - 6 .5 0 0
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T a b l e  7 4
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 . 0 5  M D i m e t h y l  c i s - 1 , 2 -
c y c l o h e x - 4 - e n e d i c a r b o x y l a t e  w i t h  S o d i u m M e t h o x i d e  a t  3 5 * .
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  i n  m o l e s / l i t e r .
C o n c . . c i s c o n c . . t r a n s t  i me( mi  n . ) In(AK-B)
.0 5 0 0 0 .0 0 0 0 0 0 . 0 - 1 .8 3 6
.0 4 8 0 0 .0 0 2 0 0 2 3 5 .0 - 1 .8 9 0
.0 4 6 4 5 .0 0 3 5 5 3 2 0 .0 - 1 . 9 3 4
.0 4 3 1 5 .0 0 6 8 5 5 3 5 .0 - 2 . 0 3 4
.0 4 3 3 5 .0 0 6 6 5 7 5 0 .0 - 2 .0 2 8
.0 3 9 5 0 .0 1 0 5 0 1 2 3 0 .0 - 2 . 1 5 9
.0 3 6 9 5 .0 1 3 0 5 1 5 3 5 .0 - 2 .2 5 6
.0 3 3 5 5 .0 1 6 4 5 2 2 0 0 .0 - 2 . 4 0 2
.0 3 0 3 5 .0 1 9 6 5 2 9 4 5 .0 - 2 .5 6 2
.0 2 4 8 5 .0 2 5 1 5 4 4 3 5 .0 - 2 .9 1 7
.0 1 9 6 5  ' .0 3 0 3 5 7 2 9 5 .0 - 3 .4 3 2
.0 1 4 3 5 .0 3 5 6 5 1 2 2 4 5 .0 - 4 . 5 9 4
.0 1 1 7 5 .0 3 8 2 5 3 4 7 8 5 .0 - 7 . 1 5 7
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T a b l e  75
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 . 0 5  M D i m e t h y l  t r a n s - 1 , 2 -
c y c l o h e x - 4 - e n e d i c a r b o x y I  a t e  w i t h  S o d i u m M e t h o x i d e  a t  35®.
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
C o n c . , t r a n s c o n c . , c i s t  ime(mi  n . ) In(AK-B)
.0 5 0 0 0 .0 0 0 0 0 0 . 0 - 4 ,1 4 5
.0 5 0 0 0 .0 0 0 0 0 2 3 5 .0 - 4 . 1 4 5
.0 5 0 0 0 .0 0 0 0 0 3 2 0 .0 - 4 .1 4 5
.0 4 9 3 5 .0 0 0 6 5 5 3 5 .0 - 4 .2 0 0
.0 4 9 0 0 .0 0 1 0 0 7 5 0 .0 - 4 .2 3 1
.0 4 7 8 5 .0 0 2 1 5 1 2 3 0 .0 - 4 .3 4 1
.0 4 7 7 5 .0 0 2 2 5 1 5 3 5 .0 - 4 .3 5 2
.0 4 4 4 0 .0 0 5 6 0 2 2 0 0 .0 - 4 .7 7 1
.0 3 9 9 5 .0 1 0 0 5 2 9 4 5 .0 - 5 . 9 4 7
.0 3 9 1 0 .0 1 0 9 0 4 4 3 5 .0 - 6 . 5 0 6
.0 3 8 4 0 .0 1 1 6 0 1 2 2 4 5 .0 - 7 .4 6 5
.0 3 7 8 5 .0 1 2 1 5 3 4 7 8 5 .0 - 8 .7 9 5
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T a b l e  76
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 .0 5  M D i m e t h y l  c i s - 1 , 2 -  
c y c l o h e x - 4 - e n e d i c a r b o x y I  a t e  w i t h  S o d i u m M e t h o x i d e  a t  5 0 ° .  
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , c  i s c o n c . . t r a n s t  ime(mi  n . ) In(AK-B)
.0 5 0 0 0 .0 0 0 0 0 0 . 0 - 1 . 9 5 9
.0 4 8 7 5 .0 0 1 2 5 1 3 .0 - 1 .9 9 3
.0 4 8 1 5 .0 0 1 8 5 2 8 .0 - 2 .0 1 0
.0 4 6 3 0 .0 0 3 7 0 4 3 . 0 - 2 .0 6 5
.0 4 4 0 0 .0 0 6 0 0 1 0 3 .0 - 2 . 1 3 6
.0 4 0 8 0 .0 0 9 2 0 1 6 3 .0 - 2 . 2 4 6
.0 3 9 1 5 .0 1 0 8 5 2 2 3 .0 - 2 . 3 0 7
.0 2 9 6 5 .0 2 0 3 5 5 0 3 .0 - 2 .7 6 0
.0 2 2 3 5 .0 2 7 6 5 1 5 4 8 .0 - 3 . 3 4 2
.0 1 3 7 5 .0 3 6 2 5 2 1 8 8 .0 - 5 . 9 8 2
.0 1 3 2 0 .0 3 6 8 0 5 0 2 3 .0 - 7 . 7 6 6
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T a b l e  77
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 .0 5  D i m e t h y l  t r a n s - 1 , 2 -  
c y c l o h e x - 4 - e n e d i c a r b o x y I  a t e  w i t h  S o d i u m M e t h o x i d e  a t  5 0 ° .  
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , t r a n s c o n c . , c  i s t  ime(mi  n . ) In(AK-B)
.0 5 0 0 0 .0 0 0 0 0 0 . 0 - 4 .0 1 7
.0 5 0 0 0 .0 0 0 0 0 1 3 .0 - 4 .0 1 7
.0 4 7 5 0 .0 0 2 5 0 4 3 .0 - 4 .2 2 7
.0 4 6 8 5 .0 0 3 1 5 1 0 3 .0  '  ■ - 4 .2 8 9
.0 4 4 5 5 .0 0 5 4 5 1 6 3 .0 - 4 .5 4 8
.0 4 4 7 5 .0 0 5 2 5 2 2 3 .0 - 4 .5 2 3
.0 4 1 3 5 .0 0 8 6 5 5 0 3 .0 - 5 .0 7 7
.0 4 1 5 5 .0 0 8 4 5 1 5 4 8 .0 - 5 .0 3 5
.0 3 7 2 0 .0 1 2 8 0 2 1 8 8 .0 - 7 .4 3 2
.0 3 6 7 5 .0 1 3 2 5 5 0 2 3 .0 - 1 0 .8 2 0
146
T a b l e  78
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 . 0 5  M D i m e t h y l  c i s - l - m e t h y
1 , 2 - c y c  1 o h e x - 4 - e n e c !  i c a r b o x y  I a t  e w i t h  S o d i u m M e t h o x i d e  a t  25®.
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  i n  m o l e s / l i t e r .
c o n c . , c  i s c o n c , , t r a n s t  i m e ( h r s . ) I n ( AK- B)
.0 4 8 6 0 .0 0 1 4 0 0 . 0 - 2 .5 7 0
.0 4 5 5 0 .0 0 4 5 0 1 6 6 .9 - 2 .6 8 1
.0 4 2 3 0 .0 0 7 7 0 5 6 8 .3 - 2 .8 1 1
.0 4 0 3 0 .0 0 9 7 0 7 6 5 .9 - 2 .9 0 1
.0 3 8 6 5 .0 1 1 3 5 7 8 1 .5 - 2 .9 8 3
.0 3 8 7 5 .0 1 1 2 5 9 3 5 .6 - 2 . 9 7 8
.0 3 8 0 0 .0 1 2 0 0 1 2 8 8 .3 - 3 . 0 1 7
.0 3 2 8 0 .0 1 7 2 0 1 7 9 8 .9 - 3 .3 4 1
.0 3 2 9 5 .0 1 7 0 5 1 9 8 2 .6 - 3 . 3 3 0
.0 2 9 2 5 .0 2 0 7 5 2 6 5 2 .6 - 3 .6 4 3
.0 2 6 6 5 .0 2 3 3 5 3 2 8 8 .8 - 3 .9 4 3
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T a b l e  79
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 .0 5  M D i m e t h y l  t r a n s - 1- 
m e t h y 1 - 1 , 2 - c y c l o h e x - 4 - e n e d i c a r b o x y I  a t e  w i t h  S o d i u m 
M e t h o x i d e  a t  2 5 ° .  C o n c e n t r a t i o n s  a r e  e x p r e s s e d
in m o l e s / l i  t e r .
c o n c . . t r a n s c o n c o , c i s t i m e ( h r s . ) In(AK-B)
.0 5 0 0 0 .0 0 0 0 0 0 . 0 - 3 . 4 5 6
.0 5 0 0 0 .0 0 0 0 0 3 8 . 9 - 3 . 4 5 6
.0 5 0 0 0 .0 0 0 0 0 5 4 .5 - 3 . 4 5 6
.0 4 1 9 0 .0 0 0 9 0 2 0 8 .6 - 3 . 5 0 4
.0 4 7 5 0 .0 0 2 5 0 5 6 1 .3 - 3 . 5 9 5
.0 4 3 2 0 .0 0 6 8 0 1 0 7 1 .8 - 3 . 8 8 9
.0 4 2 4 0 .0 0 7 6 0 1 2 5 5 .6 - 3 .9 5 5
.0 3 9 8 0 .0 1 0 2 0 1 9 2 5 .6 - 4 .2 0 5
.0 3 7 7 0 .0 1 2 2 0 2 5 6 1 .8 - 4 . 4 5 8
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T a b l e  80
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 . 0 5  D i m e t h y l  c i s - l - m e t h y I
1 , 2 - c y c l o h e x - 4 - e n e d i c a r b o x y I  a t e  w i t h  S o d i u m  M e t h o x i d e  a t  3 5 '
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , c i s c o n c . , t r a n s t  i m e ( h r s . ) In(AK-B)
.0 5 0 0 0 .0 0 0 0 0 0 . 0 - 2 .5 2 3
.0 4 7 7 5 .0 0 2 2 5 1 .3 - 2 . 5 9 9
.0 4 7 5 0 .0 0 2 5 0 1 .8 - 2 . 6 0 8
.0 4 6 8 0 .0 0 3 2 0 2 . 8 - 2 .6 3 3
.0 4 6 9 0 .0 0 3 1 0 1 6 .3 - 2 . 6 2 9
.0 4 6 5 0 .0 0 3 5 0 4 0 . 6 - 2 . 6 4 4
.0 4 5 4 5 .0 0 4 5 5 8 9 .9 - 2 . 6 8 3
.0 4 0 5 5 .0 0 9 4 5 2 0 8 .6 - 2 . 8 9 0
.0 3 0 0 0 .0 2 0 0 0 7 5 9 .4 - 3 .5 7 1
.0 2 7 3 5 .0 2 2 6 5 9 3 8 .7 - 3 .8 5 3
.0 2 4 5 0 .0 2 5 5 0 1 3 2 0 .3 - 4 . 2 8 3
.0 2 2 9 5 .0 2 7 0 5 1 5 3 0 .8 - 4 . 6 2 9
.0 2 2 7 0 .0 2 7 3 0 1 6 0 0 .3 - 4 . 6 9 8
.0 2 2 2 5 .0 2 7 7 5 1 7 7 6 .3 - 4 . 8 3 6
.0 2 1 1 0 .0 2 8 9 0 2 0 8 6 .8 - 5 . 3 0 9
.0 2 1 4 0 .0 2 8 6 0 2 2 2 6 .3 - 5 .1 6 3
.0 2 0 3 0 .0 2 9 7 0 2 5 0 9 .7 - 5 . 8 5 7
.0 2 0 0 0 .0 3 0 0 0 2 8 1 4 .1 - 6 .1 7 5
.0 1 9 8 0 .0 3 0 2 0 3 1 7 1 . 1 - 6 . 4 6 4
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T a b l e  81
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 .0 5  M D i m e t h y l  t r a n s - 1 -  
m e t h y 1 - 1 , 2 - c y c l o h e x - 4 - e n d i c a r b o x y I  a t e  w i t h  S o d i u m M e t h o x i d e  
a t  35®.  C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , t r a n s c o n c .  , c  i s t i m e ( h r s . ) In(AK-B)
.0 5 0 0 0 .0 0 0 0 0 0 . 0 - 3 .4 5 6
.0 5 0 0 0 .0 0 0 0 0 1 7 .3 - 3 .4 5 6
.0 4 7 8 5 .0 0 2 1 5 6 2 .7 - 3 . 5 7 4
.0 4 5 1 0 .0 0 4 9 0 2 1 6 .7 - 3 .7 4 8
.0 4 0 4 0 .0 0 9 6 0 3 0 9 .3 - 4 . 1 4 2
.0 3 7 9 0 .0 1 2 1 0 4 4 8 .7 - 4 .4 3 8
.0 3 5 8 5 .0 1 4 1 5 7 1 8 .1 - 4 .7 7 1
.0 3 3 8 5 .0 1 6 1 5 1 0 2 4 .5 - 5 .2 5 7
.0 3 2 6 0 .0 1 7 4 0 1 5 0 5 .3 - 5 . 7 5 4
.0 3 1 8 0 .0 1 8 2 0 1 7 2 0 .5 - 6 . 2 8 4
.0 3 1 4 5 .0 1 8 5 5 2 3 4 9 .0 - 6 . 6 4 9
150
T a b l e  82
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 .0 1  M D i m e t h y l  c i s - l - m e t h y I
1 , 2 - c y c l o h e x - 4 - e n e d i c a r b o x y I  a t e  w i t h  S o d i u m  M e t h o x i d e  a t  5 0 ° .  
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , c i s c o n c . , t r a n s t  i m e ( h r s . ) In(AK-B)
.0 0 9 9 2 .0 0 0 0 8 0 . 0 - 4 . 0 8 9
.0 0 7 9 0 .0 0 2 1 0 1 4 4 .0 - 4 . 4 8 2
.0 0 6 5 0 .0 0 3 5 0 5 9 1 .4 - 4 . 8 8 8
.0 0 5 9 2 .0 0 4 0 8 8 8 0 .6 - 5 .1 2 1
.0 0 4 8 4 .0 0 5 1 6 1 1 6 8 .0 - 5 . 7 9 0
.0 0 4 5 6 .0 0 5 4 4 1 5 4 1 .5 - 6 . 0 7 4
.0 0 4 4 1 .0 0 5 5 9 1 8 4 1 .8 - 6 . 2 6 7
.0 0 3 9 9 .0 0 6 0 1 2 6 5 2 .0 - 7 .1 7 6
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T a b l e  83
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 . 0 1  M D i m e t h y l  t r a n s - 1 -
m e t h y 1 - 1 , 2 - c y c l o h e x - 4 - e n e d i c a r b o x y I  a t e  w i t h  S o d i u m M e t h o x i d e
a t  5 0 ° .  C o n c e n t r a t i o n s  a r e  e x p r e s s e d  i n  m o l e s / l i t e r .
c o n c . , t r a n s c o n c . , c  i s t  i m e ( h r s . ) i n ( AK- B)
.0 1 0 0 0 .0 0 0 0 0 0 . 0 - 5 . 1 2 8
.0 0 9 2 0 .0 0 0 8 0 1 4 4 .0 - 5 .3 7 0
.0 0 8 0 4 .0 0 1 9 6 5 9 1 .4 - 5 .8 7 5
.0 0 7 6 0 .0 0 2 4 0 8 8 0 .6 - 6 .1 6 3
.0 0 7 1 6 .0 0 2 8 4 1 1 6 8 .0 - 6 . 5 6 7
.0 0 6 6 5 .0 0 3 3 5 1 5 4 1 .5 - 7 .4 3 0
.0 0 6 4 3 .0 0 3 5 7 1 8 4 1 .8 - 8 . 3 2 2
.0 0 6 4 3 .0 0 3 5 7 2 6 5 2 .0 - 8 . 3 2 2
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T a b l e  8 4
K i n e t i c  D a t a  f o r  t h e  E p i n n e r i z a t i o n  o f  0 . 0 5  M D i m e t h y l  c i s - l - m e t h y 1 - 1 .
2 - c y c l o h e x - 4 - e n e d i c a r  boxy I a t e  w i t h  S o d i u m M e t h o x i d e  a t  5 0 ° .
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , c i  s c o n c . , t r a n s t i m e ( h r s . ) In(AK-B)
.0 5 0 0 0 .0 0 0 0 0 0 . 0 - 2 .4 6 6
.0 4 9 0 0 .0 0 1 0 0 4 . 4 - 2 .4 9 9
.0 4 8 5 0 .0 0 1 5 0 7 .5 - 2 .5 1 5
.0 4 4 0 5 .0 0 5 9 5 1 6 . 0 - 2 .6 7 6
.0 4 3 9 0 .0 0 6 1 0 1 9 . 6 - 2 .6 8 2
.0 4 1 8 0 .0 0 8 2 0 3 0 .9 - 2 .7 6 8
.0 3 9 1 5 .0 1 0 8 5 4 2 . 4 - 2 .8 8 9
.0 3 7 9 5 .0 1 2 0 5 5 3 .5 - 2 .9 4 9
.0 3 5 9 5 .0 1 4 0 5 7 0 .3 - 3 .0 5 8
.0 3 2 4 5 .0 1 8 0 5 1 0 2 .2 - 3 .2 9 5
.0 2 9 7 0 .0 2 0 3 0 1 4 6 .4 - 3 .5 0 2
.0 2 2 0 5 .0 2 7 9 5 3 1 0 .3 - 4 .6 5 7
.0 1 7 8 0 .0 3 2 2 0 5 9 7 .7 - 6 .2 2 7
.0 1 9 6 5 .0 3 0 3 5 9 1 8 .9 - 5 . 8 0 4
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T a b l e  85
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i on o f  0 . 0 5  M D i m e t h y l  t r a n s - l - m e t h v I
1, 2 - c y c I o h e x - 4 - e n e d i c a r b o x y l a t e  w i t h  S o d i u m M e t h o x i d e  a t  50®.
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . . t r a n s c o n c . , c i s t  i m e ( h r s . ) I n ( AK- B)
.0 5 0 0 0 .0 0 0 0 0 0 . 0 - 3 . 5 1 8
.0 5 0 0 0 .0 0 0 0 0 4 . 4 - 3 . 5 1 8
.0 5 0 0 0 .0 0 0 0 0 7 . 5 - 3 . 5 1 8
.0 4 6 8 0 .0 0 3 2 0 1 6 .0 - 3 . 7 0 7
.0 4 6 2 5 .0 0 3 7 5 1 9 . 6 - 3 . 7 4 3
.0 4 5 5 0 .0 0 4 5 0 3 0 .9 - 3 . 7 9 5
.0 4 4 2 0 .0 0 5 8 0 4 2 . 4 - 3 . 8 9 2
.0 4 3 2 5 .0 0 6 7 5 5 3 .5 - 3 . 9 6 9
.0 4 2 0 0 .0 0 8 0 0 7 0 .3 - 4 .0 8 0
.0 3 7 1 0 .0 1 2 9 0 1 0 2 .2 - 4 . 6 9 9
.0 3 7 4 0 .0 1 2 6 0 1 4 6 .4 - 4 ,6 4 8
.0 3 6 6 0 .0 1 3 4 0 3 1 0 .3 - 4 .7 9 1
.0 3 6 7 5 .0 1 3 2 5 5 9 7 .7 - 4 .7 6 3
.0 3 0 4 0 .0 1 9 6 0 9 1 8 .9 - 6 .4 5 5
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T a b  Ie 86
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 . 1 0  M D i m e t h y l  c i s - l - m e t h y I
1 , 2 - c y c I o h e x - 4 - e n e d i c a r b o x y 1 a t e  w i t h  S o d i u m  M e t h o x i d e  a t  50®.
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  i n  m o t e s / l i t e r .
c o n c . , c i s c o n c . , t r a n s t  i m e ( h r s . ) In(AK-B)
.1 0 0 0 0 .0 0 0 0 0 0 . 0 - 1 . 8 5 7
.0 9 8 5 0 .0 0 1 5 0 0 . 8 - 1 .8 8 2
.0 9 1 0 0 .0 0 9 0 0 4 . 2 - 2 . 0 1 6
.0 8 6 7 0 .0 1 3 3 0 7 . 8 - 2 .1 0 3
.0 7 8 9 0 .0 2 1 1 0 9 . 0 - 2 .2 8 1
.0 7 1 4 0 .0 2 8 6 0 3 2 .0 - 2 .4 9 0
.0 6 4 3 0 .0 3 5 7 0 4 8 .5 - 2 . 7 3 7
.0 5 2 0 0 .0 4 8 0 0 5 6 . 3 - 3 . 4 0 4
.0 4 4 0 0 .0 5 6 0 0 1 2 4 .2 - 4 . 3 6 4
.0 3 8 6 0 .0 6 1 4 0 3 1 0 .4 - 6 . 8 0 6
.0 3 9 5 0 .0 6 0 5 0 6 0 0 .0 - 6 . 7 2 6
.0 3 9 3 0 .0 6 0 7 0 9 2 0 .4 - 7 . 2 8 4
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T a b l e  8 7
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i on o f  0 . 1 0  M D i m e t h y l  t r a n s - 1 -
m e t h y 1 - 1 , 2 - c y c l o h e x - 4 - e n e d i c a r b o x y I  a t e  w i t h  S o d i u m Met hoxi de
a t  5 0 * .  C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , t r a n s c o n c . , c  i s t  i m e ( h r s . ) In(AK-B)
.1 0 0 0 0 .0 0 0 0 0 0 . 0 - 2 .7 4 0
.0 9 8 6 0 .0 0 1 4 0 0 . 8 - 2 .7 7 6
.0 9 5 9 0 .0 0 4 1 0 4 . 2 - 2 . 8 5 0
.0 9 3 4 0 .0 0 6 6 0 7 . 8 - 2 . 9 2 4
.0 8 9 6 0 .0 1 0 4 0 9 .0 - 3 .0 4 7
.0 8 0 0 0 .0 2 0 0 0 3 2 .0 - 3 . 4 5 2
.0 7 1 9 0 .0 2 8 1 0 4 8 .5 - 3 .9 9 8
.0 7 0 8 0 .0 2 9 2 0 5 6 .3 - 4 . 1 0 2
.0 6 6 3 0 .0 3 3 7 0 1 2 4 .2 - 4 . 6 9 6
.0 6 4 4 0 .0 3 5 6 0 3 1 0 .4 - 5 .1 1 6
.0 5 1 5 0 .0 3 8 5 0 6 0 0 .0 - 6 . 7 0 2
.0 6 1 6 0 .0 3 8 4 0 9 2 0 .4 - 6 .5 7 6
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T a b l e  88
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i on o f  0 . 0 1  M D i m e t h y l  c i s - 1 . 2 -
c y c i o h e p t a n e d i c a r b o x y I  a t e  w i t h  Sod i um M e t h o x i d e  a t  25®.
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  i n  m o l e s / l i t e r .
c o n c . , c i s c o n c . , t r a n s t  i m e ( h r s . ) In(AK-B)
.0 0 8 8 4 .0 0 1 1 6 0 . 0 - 3 .4 0 5
.0 0 8 1 2 .0 0 1 8 8 2 2 .9 - 3 .5 1 7
.0 0 7 8 9 .0 0 2 1 1 4 8 .8 - 3 .5 5 5
.0 0 7 5 6 .0 0 2 4 4 7 6 .5 - 3 .6 1 3
.0 0 6 7 6 .0 0 3 2 4 1 0 0 .2 - 3 .7 7 0
.0 0 6 2 3 .0 0 3 7 7 1 2 7 .4 - 3 .8 8 9
.0 0 5 8 2 .0 0 4 1 8 1 7 8 .4 - 3 . 9 9 2
.0 0 5 4 1 .0 0 4 5 9 2 1 5 .4 - 4 . 1 0 7
.0 0 4 7 1 .0 0 5 3 0 2 9 3 .1 - 4 . 3 4 4
.0 0 3 7 3 .0 0 6 2 7 4 1 1 .5 - 4 .7 9 9
.0 0 3 4 0 .0 0 6 6 0 5 1 3 .7 - 5 .0 1 7
.0 0 2 8 0 .0 0 7 2 0 6 4 8 .8 - 5 .6 0 2
.0 0 2 1 4 .0 0 7 8 6 1 1 0 5 .0 - 7 .6 7 9
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T a b l e  89
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i on o f  0 .0 1  M D i m e t h y l  t j ^ a n s - l , 2 -  
c y c  l o h e p t a n e d i  c a r b o x y  I a t e  w i t h  S o d i u m M e t h o x i d e  a t  2 5 ° .  
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , t r a n s c o n c . , c i s t  i m e ( h r s . ) In(AK-B)
.0 0 8 6 7 .0 0 0 3 3 0 . 0 - 6 .2 3 5
.0 0 9 6 0 .0 0 0 4 0 2 2 . 9 - 6 .1 5 0
.0 0 9 6 2 .0 0 0 3 8 4 8 .8 - 6 .1 3 8
.0 0 9 1 3 .0 0 0 8 7 7 6 .5 - 6 .4 7 6
.0 0 9 1 2  ■ .0 0 0 8 8 1 0 0 .2 - 6 . 4 8 4
.0 0 8 8 5 .0 0 1 1 5 1 2 7 .4 - 6 . 7 3 7
.0 0 8 9 4 .0 0 1 0 6 1 7 8 .4 - 6 .6 4 5
.0 0 9 0 5 .0 0 0 9 5 2 1 5 .4 - 6 .5 4 4
.0 0 8 9 0 .0 0 1 1 0 2 9 3 .1 - 6 .6 8 5
.0 0 8 9 1 .0 0 1 0 9 4 1 1 .5 - 6 .6 7 5
.0 0 8 2 2 .0 0 1 7 8 5 1 3 .7 - 7 .8 4 9
.0 0 7 8 6 .0 0 2 1 4 6 4 8 .8 - 9 . 6 4 2
.0 0 8 0 1 .0 0 1 9 9 1 1 0 5 .0 - 8 .9 9 0
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T a b l e  90
K i n e t i c  d a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 , 0 5  M D i m e t h y l  c i s - 1 , 2 -
c y c l o h e p t a n e d i c a r b o x y l a t e  w i t h  S o d i u m  M e t h o x i d e  a t  2 5 ° .
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , c i s c o n c . , t r a n s t  i m e ( h r s . ) In(AK-B)
.0 4 2 5 5 .0 0 7 4 5 0 . 5 - 1 .8 8 5
.0 4 1 6 0 .0 0 8 4 0 1 .4 - 1 . 9 1 5
.0 4 3 7 5 .0 0 6 2 5 2 . 2 - 1 . 8 4 8
.0 3 9 5 5 .0 1 0 4 5 5 . 4 - 1 .9 8 3
.0 4 0 5 5 .0 0 9 4 5 6 . 8 - 1 . 9 4 9
.0 3 9 3 5 .0 1 0 6 5 9 . 4 - 1 . 9 9 0
.0 3 6 4 0 .0 1 3 6 0 1 3 .1 - 2 .0 9 8
.0 3 0 6 5 .0 1 9 3 5 2 3 .8 - 2 .3 4 9
.0 2 7 2 5 .0 2 2 7 5 3 5 . 4 - 2 .5 3 5
.0 2 1 1 5 .0 2 8 8 5 6 1 . 4 - 2 .9 8 9
.0 1 4 3 5 .0 3 5 6 5 9 8 .4 - 4 . 0 1 2
.0 1 2 5 0 .0 3 7 5 0 1 7 4 .8 - 4 . 6 7 6
.0 1 1 8 0 .0 3 8 2 0 2 9 3 .5 - 5 . 1 1 7
.0 0 9 9 5 .0 4 0 0 5 3 9 5 .7 - 5 .8 8 3
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T a b l e  91
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t  i on  o f  0 . 0 5  M D i m e t h y l  t _ r a n s - 1 , 2 -
c y c  l o h e p t a n e d i  c a r b o x y  I a t e  w i t h  S o d i u m  M e t h o x i d e  a t  25®.
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , t r a n s c o n c . , c i s t  i m e ( h r s . ) I n(AK-B)
.0 4 7 7 5 .0 0 2 2 5 0 . 5 - 4 .5 1 6
.0 4 7 5 0 .0 0 2 5 0 1 .4 - 4 . 5 4 6
.0 4 6 6 5 .0 0 3 3 5 2 . 2 - 4 . 6 5 4
.0 4 6 2 5 .0 0 3 7 5 5 . 4 - 4 . 7 0 9
.0 4 5 7 0 .0 0 4 3 0 6 .8 - 4 . 7 9 0
.0 4 7 1 0 .0 0 2 9 0 9 . 4 - 4 .5 9 5
.0 4 7 3 5 .0 0 2 6 5 1 3 .1 - 4 . 5 6 4
.0 4 7 0 0 .0 0 3 0 0 2 3 .8 - 4 . 6 0 8
.0 4 6 1 5 .0 0 3 8 5 3 5 . 4 - 4 .7 2 3
.0 4 1 6 5 .0 0 8 3 5 6 1 . 4 - 5 . 7 6 2
.0 3 9 6 0 .0 1 0 4 0 9 8 .4 - 7 .5 4 3
.0 4 1 7 5 .0 0 8 2 5 1 7 4 .8 - 5 . 7 2 2
.0 3 9 9 0 .0 1 0 1 0 2 9 3 .5 - 6 . 9 9 9
.0 3 8 6 0 .0 1 1 4 0 3 9 5 .7 - 7 . 2 0 0
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T a b l e  92
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 . 1 0  M D i m e t h y l  c i s - 1 , 2 -
c y c I o h e p t a n e d i c a r b o x y I  a t e  w i t h  S o d i u m M e t h o x i d e  a t  2 5 ° .
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , c i s c o n c . , t r a n s t  i m e ( h r s . ) I n(AK-B)
.0 8 6 9 0 .0 1 3 1 0 0 . 0 - 1 .0 9 6
.0 8 8 7 0 .0 1 1 3 0 0 .3 - 1 .0 6 9
.0 8 4 6 0 .0 1 5 4 0 0 . 6 - 1 .1 3 1
.0 8 3 9 0 .0 1 6 1 0 1 .3 - 1 .1 4 2
.0 8 1 5 0 .0 1 8 5 0 1 .8 - 1 .1 8 0
.0 7 9 8 0 .0 2 0 2 0 2 . 7 - 1 .2 0 8
.0 7 6 6 0 .0 2 3 4 0 4 . 9 - 1 .2 6 3
.0 7 0 8 0 .0 2 9 2 0 6 .8 - 1 .3 7 1
.0 6 8 0 0 .0 3 2 0 0 8 . 5 - I . 4 2 8
.0 5 9 1 0 .0 3 0 9 0 1 5 .7 - 1 .6 3 3
.0 5 0 6 0 .0 4 9 4 0 3 4 . 7 - 1 .8 7 8
.0 2 7 7 0 .0 7 2 3 0 4 8 .7 - 3 .2 5 9
.0 2 0 7 0 .0 7 9 3 0 7 6 .7 - 5 .6 6 7
.0 1 9 8 0 .0 8 0 2 0 1 0 0 .0 - 6 .8 6 9
.0 2 4 4 0 .0 7 5 6 0 1 1 7 .4 - 3 .8 1 9
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T a b l e  93
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 . 1 0  M D i m e t h y l  t r a n s - 1 . 2 -
c y c I o h e p t a n e d i c a r b o x y 1 a t e  w i t h  S o d i u m M e t h o x i d e  a t  2 5 * .
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , t r a n s c o n c . , c i s t  i m e ( h r s . ) I n (AK-B)
.0 9 5 0 0 .0 0 5 0 0 0 . 0 - 3 . 9 5 6
.0 9 4 7 0 .0 0 5 3 0 0 .3 - 3 . 9 7 6
.0 9 5 0 0 .0 0 5 0 0 0 . 6 - 3 . 9 5 6
.0 9 4 6 0 .0 0 5 4 0 1 .3 - 3 .9 8 3
.0 9 4 5 0 .0 0 5 5 0 1 .8 - 3 . 9 9 0
.0 9 4 0 0 .0 0 6 0 0 2 . 7 - 4 . 0 2 4
.0 9 4 7 0 .0 0 5 3 0 4 . 9 - 3 . 9 7 6
.0 9 4 0 0 .0 0 6 0 0 6 . 8 - 4 . 0 2 4
.0 9 2 8 0 .0 0 7 2 0 8 . 5 - 4 . 1 1 2
.0 9 2 5 0 .0 0 7 5 0 1 5 .7 - 4 .1 3 5
.0 9 0 4 0 .0 0 9 6 0 2 2 .8 - 4 .3 1 5
.0 8 7 3 0 .0 1 2 7 0 3 4 .7 - 4 .6 5 9
.0 8 3 9 0 .0 1 6 1 0 4 8 .7 - 5 . 2 5 7
.0 8 1 3 0 .0 1 8 7 0 1 0 0 .0 - 6 .2 4 0
.0 7 8 8 0 .0 2 1 2 0 1 1 7 . 4 - 6 .7 3 8
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T a b l e  9 4
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 . 0 5  M D i m e t h y l  c i s - 1 , 2 -
c y c l o h e p t a n e d i c a r b o x y I  a t e  w i t h  S o d i u m  M e t h o x i d e  a t  3 5 * .
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , c i s c o n c . . t r a n s t  i m e ( h r s . ) I n (AK-B)
.0 4 3 4 5 .0 0 6 5 5 0 . 0 - 1 . 6 6 4
.0 4 4 2 0 .0 0 5 8 0 0 . 6 - 1 . 6 4 2
.0 4 2 2 0 .0 0 7 8 0 1 .0 - 1 .7 0 1
. 0 4 ,7 5 .0 0 8 2 5 1 .6 - 1 .7 1 5
.0 4 2 0 0 ~  ■ .0 0 8 0 0 2 . 7 - 1 . 7 0 7
.0 3 7 7 5 .0 1 2 2 5 3 . 8 - 1 .8 4 5
.0 3 6 6 0 .0 1 3 4 0 6 .5 - 1 . 8 8 6
.0 3 3 8 5 .0 1 6 1 5 8 .1 - 1 . 9 9 2
.0 2 8 6 0 .0 2 1 4 0 1 0 . 2 - 2 . 2 3 0
.0 2 6 8 0 .0 2 3 2 0 1 4 .4 - 2 . 3 2 6
.0 2 2 5 5 .0 2 7 4 5 1 9 . 7 - 2 .6 0 1
.0 2 0 0 5 .0 2 9 9 5 2 3 .6 - 2 . 8 0 6
.0 1 7 2 0 .0 3 1 8 0 2 7 .7 - 3 . 0 8 4
.0 1 5 7 5 .0 3 4 2 5 4 8 .3 - 3 . 3 0 3
.0 1 1 7 5 .0 3 8 2 5 4 5 .5 - 4 . 2 1 8
.0 1 0 3 5 .0 3 9 6 5 8 2 .0 - 4 . 9 5 9
.0 0 9 0 0 .0 4 1 0 0 9 9 .0 - 7 . 7 7 8
.0 0 9 3 0 .0 4 0 7 0 1 2 0 .6 - 6 . 6 9 8
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T a b l e  95
K i n e t i c  D a t a  f o r  t h e  E p i m e r i c a t i on o f  0 . 0 5  M D i m e t h y l  t r a n s - 1 , 2 -
c y c I o h e p t a n e d i c a r b o x y I  a t e  w i t h  S o d i u m M e t h o x i d e  a t  3 5 * .
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  i n  m o l e s / l i t e r .
c o n c . , t r a n s c o n c . , c i s t  i m e ( h r s . ) In(AK-B)
.0 4 8 3 5 .0 0 1 6 5 0 . 0 - 4 .6 7 0
.0 4 7 9 0 .0 0 2 1 0 0 . 6 - 4 .7 3 1
.0 4 7 2 5 .0 0 2 7 5 1 .0 - 4 .8 2 5
.0 4 7 2 5 .0 0 2 7 5 1 .6 - 4 .8 2 5
.0 4 6 8 5 .0 0 3 1 5 2 . 7 - 4 . 8 8 9
.0 4 7 0 5 .0 0 2 9 5 3 . 8 - 4 . 8 5 7
.0 4 6 9 5 .0 0 3 0 5 6 . 5 - 4 . 8 7 2
.0 4 5 3 5 .0 0 4 6 5 8 .1 - 5 .1 6 9
.0 4 4 5 5 .0 0 5 4 5 1 0 .2 - 5 . 3 5 9
.0 4 3 8 5 .0 0 6 1 5 1 4 .4 - 5 . 5 6 0
.0 4 4 6 0 .0 0 5 4 0 1 9 . 7 - 5 . 3 4 6
.0 4 0 6 0 .0 0 9 4 0 2 3 .6 - 8 .8 5 1
.0 4 1 3 5 .0 0 8 6 5 2 7 .7 - 7 . 1 5 9
.0 4 0 9 0 .0 0 9 1 0 3 8 . 4 - 8 . 3 9 9
.0 4 1 4 0 .0 0 8 6 0 4 5 . 4 - 7 .0 8 3
.0 4 0 3 5 .0 0 9 6 5 8 2 .0 - 7 . 7 0 6
.0 4 0 3 0 .0 0 9 2 0 9 9 .0 - 1 1 .3 6 5
.0 4 1 6 5 .0 0 8 3 5 1 2 0 .6 - 6 .7 7 1
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T a b l e  96
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 . 0 5  M D i m e t h y l  c i s - 1 , 2 -
c y c I o h e p t a n e d ! c a r b o x y I  a t e  w i t h  S o d i u m M e t h o x i d e  a t  5 0 ° .
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c .  . c i s c o n c . , t r a n s t i m e ( h r s . ) I n(AK-B)
.0 4 4 6 0 .0 0 5 4 0 0 . 0 - 1 .7 8 1
.0 4 3 0 0 .0 0 7 0 0 0 .3 - 1 .8 2 8
.0 4 0 6 0 .0 0 9 4 0 0 . 7 - 1 . 9 0 4
.0 3 8 1 5 .0 1 1 8 5 1 .1 - 1 .9 8 8
.0 3 2 8 5 .0 1 7 1 5 2 . 0 - 2 .1 9 9
.0 3 0 9 0 .0 1 9 1 0 2 . 4 - 2 .2 8 9
.0 2 8 0 0 .0 2 2 0 0 3 . 2 - 2 .4 4 0
.0 2 3 7 0 .0 2 6 3 0 4 . 4 - 2 .7 1 6
.0 2 1 4 5 .0 2 8 5 5 5 . 2 - 2 .8 9 9
.0 1 9 0 0 .0 3 1 0 0 6 . 2 - 3 . 1 4 4
.0 1 7 5 0 .0 3 2 5 0 7 . 3 - 3 .3 3 1
.0 1 3 3 0 .0 3 6 7 0 1 3 .0 - 4 .1 8 8
.0 1 0 6 5 .0 4 4 3 5 2 0 .3 - 5 .8 7 3
.0 1 0 0 0 .0 4 0 0 0 3 9 .2 - 6 .9 0 8
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T a b l e  97
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  0 . 0 5  M D i m e t h y l  t r a n s - 1 . 2 -
c y c l o h e p t a n e d i c a r b o x y I  a t e  w i t h  S o d i u m M e t h o x i d e  a t  5 0 * .
C o n c e n t r a t i o n s  a r e  e x p r e s s e d  in m o l e s / l i t e r .
c o n c . , t r a n s c o n c . , c i s t i m e ( h r s . ) In(AK-B)
.0 4 7 6 0 .0 0 2 4 0 0 . 0 - 4 . 6 1 7
.0 4 7 3 5 .0 0 2 6 5 0 . 3 - 4 .6 5 0
.0 4 7 5 0 .0 0 2 5 0 0 . 7 - 4 .6 3 0
.0 4 7 5 0 .0 0 2 5 0 1 .1 - 4 .6 3 0
.0 4 7 0 0 .0 0 3 0 0 2 . 0 - 4 .6 9 7
.0 4 5 9 5 .0 0 4 0 5 2 . 4 - 4 .8 5 3
.0 4 6 7 0 .0 0 3 3 0 3 . 2 - 4 .7 3 9
.0 4 6 3 0 .0 0 3 7 0 4 . 4 - 4 .7 9 8
.0 4 1 5 5 .0 0 8 4 5 5 . 2 - 6 .0 8 8
.0 4 1 5 0 .0 0 8 5 0 6 . 2 - 6 .1 1 6
.0 4 1 2 5 .0 0 8 7 5 7 . 3 - 6 . 2 7 0
.0 4 0 4 0 .0 0 9 6 0 1 3 .0 - 7 . 1 0 2
.0 3 9 6 5 .0 1 0 3 5 2 0 .3 - 9 .0 2 6
.0 3 9 8 5 .0 1 0 1 5 3 9 . 2 - 8 . 9 3 8
T a b l e  98
K i n e t i c  D a t a  f o r  E p i m e r i z a t i o n  o f  D i m e t h y l  1 , 2 - c y c l o p r o p a n e d i c a r b o x y I  a t e
c o n c ,  T  K k ^ ( p s e u d o )  k ^ ( p s e u d o )  k j - ( c o r r c )  k j - ( c o r r . )
( M / i ) ( » ) ( t / c ) (1 s e c ? m o l e  ^ ) ( 1 s e c ^ m o l e  ^ ) ( 1 s e c ■Imole 1) (1 se c * Imo 1 e
0 .0 5 25 9 9 .0 ^ 3 . 5 3 X 1 0 -9 3 . 5 6 X I Q - l  1 7 . 0 6 X 1 0 -8 7 . 1 1 X 1 0 -1 0
0 . 1 0 2 5 9 9 .0 8 9 .6 9 X 1 0 -9 9 .7 8 X l O - T T 9 .6 9 X 1 0 -8 9 .7 8 X 1 0 -1 0
0 ,0 5 3 5 9 9 .0 8 1 . 2 1 X 1 0 - 8 1 . 2 2 X 1 0 - 1 0 2 . 4 2 X 1 0 - 7 2 . 4 4 X 1 0 -9
0 .0 1 5 0 9 9 .0 ® 3 . 8 3 X 1 0 -8 3 . 8 6 X 1 0 -1 0 3 . 8 3 X 10~8 3 . 8 6 X 1 0 -8
0 .0 5 5 0 9 9 .0 8 1 .0 5 X 1 0 - 7 1 .0 6 X 1 0 -9 2 . 0 9 X 1 0 -8 2 . 1 2 X 1 0 - 8
0 , 1 0 5 0 9 9 .0 8 4 . 0 8 X 1 0 - 7 4 . 1 4 X 1 0 - 9 4 . 0 8 X 1 0 - 8 4 . 1 4 X 1 0 -8
O'
O'
B y a l u e  t a k e n  f r o m  S h i e n g t h o n g . ^ ®
T a b l e  9 9
K i n e t i c  D a t a  f o r  E p i m e r i z a t i on o f  D i m e t h y l  1 , 2 - c y c I o b u t a n e d i c a r b o x y I a t e





( t / c )
k(-( p s e u d o )
(1 s e c ~ ^ m o l e ” ^)
k t ( p s e u d o )
(1 s e c - ^ m o l e - T )
k [ ( c o r r . )
(1 s e c - T m o l e - 1 )
( c o r r . )
(1 s e c - l m o l e - T )
0 . 0 1 2 5 9 . 0 5 1 . 1 3 X 1 0 - 5 1 . 2 4 X 1 0 - 7 1 . 1 3 X 1 0 -3 1 . 2 4 X 1 0 -5
9 , 0 0 X 1 0 - 7 a 1 .0 1 X 1 0 - 7 a 9 .0 0 X 1 0 -5 3 1 . 0 1 X 1 0 -5  a
0 . 0 5 2 5 8 . 4 0 6 , 6 1 X 1 0 - & 7 . 8 6 X 1 0 - 7 1 . 3 2 X 1 0 - 4 1 .5 7 X 1 0 -5
4 . 2 8 X 1 0 " 6 a 5 . 1 1 X 1 0 - 7 3 8 . 5 6 X 1 0 - 5 3 1 . 0 2 X 1 0 - 5  a
0 , 1 0 2 5 6 . 6 0 1 . 2 2 X 1 0 - 5 1 . 8 5 X 1 0 - 5 1 .2 2 X 1 0 - 4 1 .8 5 X 1 0 -5
8 . 7 8 X IQràa 1 .3 7 X 1 0 - 6 3 8 . 7 8 X 1 0 -5 3 1 .3 7 X 1 0 -5  a
0 . 0 5 3 5 7 . 6 7 1 . 5 0 X 1 0 - 5 1 . 9 6 X 1 0 -6 3 . 0 0 X 1 0 - 4 3 . 9 2 X 1 0 -5
5 . 5 8 X l O T ^ a 7 . 5 3 X 1 0 - 7 a 1 . 1 2 X 1 0 -4 3 1 . 5 1 X 1 0 -5 3
0 . 0 5 5 0 8 . 5 8 8 . 5 3 X 1 0 - 5 9 . 9 2 X 1 0 -5 1 . 7 1 X 1 0 -3 2 . 4 2 X 1 0 - 4
8 . 8 1 X 1 0 - 5 a 1 .0 3 X 1 0 - 5 3 1 .7 6 X 1 0 -3  a 2 . 0 7 X 1 0 - 4 3
O'
N
^ C a l c u l a t e d  f r o m  t h e  t r a n s  r u n s .
T a b l e  100
K i n e t i c  D a t a  f o r  E p i m e r i z a t i o n  o f  D i m e t h y l  1 , 2 - c y c l o p e n t a n e d i c a r b o x y I a t e
C o n c . T K k j - ( p s e u d o ) k t ( p s e u d o ) k c ( c o r r . ) k ^ ( c o r r . )
(M /1 ) ( " ) ( t / c ) (1 s e c - T m o l e " T ) ( 1 s e c I m o l e  T) ( 1  s e c " ■ 1 m o l e  1 ) {1 s e c ' ^ m o l e  1 )
0X )1 2 5 9 . 7 8 1 . 5 3 X 1 0 - ^ 1 . 5 6 X 1 0 - 7 1 . 5 3 X 1 0 - 4 1 . 5 6 X 1 0 - 5
9 . 1 1 X 1 0 ~ 7 a 9 . 4 7 X 1 0 - 8 3 9 . 1 1 X 1 0 - 5 3 9 . 4 7 X 1 0 - 5 3
0 . 0 5 2 5 9 . 5 3 8 . 7 8 X 1 0 - G 9 . 2 2 X 1 0 - 7 1 . 7 6 X 1 0 - 4 1 . 8 4 X 1 0 - 5
6 . 8 3 X l o r & a 7 . 2 8 X 1 0 - 7 3 1 . 6 5 X 10“ 4 a 1 . 5 1 X 1 0 - 5 3
o . i a 2 5 8 . 4 6 2 . 0 9 X 1 0 - 5 3 2 . 4 2 X 1 0 -6 2 . 0 9 X 1 0 - 4 2 . 4 2 X 1 0 - 5
5 . 1 4 X 1 0 - 6 a 6 .1 1 X 1 0 -7 a 5 . 1 4 X 1 0 -5  a 6 . 1 1 X 1 0 -5  a
0 .0 5 3 5 7 . 3 7 2 . 8 6 X 1 0 - 5 3 . 8 9 X 1 0 -6 5 . 7 2 X 1 0 - 4 7 . 7 8 X 1 0 - 5
6 . 0 0 X 1 0 - 6 3 2 . 8 6 X 1 0 - 6 3 4 . 5 6 X 1 0 - 4 3 5 . 7 2 X 1 0 - 5  a
0 . 0 5 5 0 6 . 0 8 1 . 2 7
* ’ “ ‘t .
2 . 0 8 X 1 0 - 5 2 . 5 5 X 1 0 -3 4 . 1 7 X 1 0 - 4
7 . 1 9 X 10 5 a 1 .2 0 X 1 0 - 5 3 1 . 4 4 X 1 0 - 3 2 . 3 9 X 1 0 - 4 3
O'
00
^ C a l c u l a t e d  f r o m  t r a n s  r u n s .
T a b l e  101
K i n e t i c  D a t a  f o r  E p i m e r i z a t i o n  o f  D i m e t h y l  1 , 2 - c y c l o h e x a n e d i c a r b o x y  I a t e
C o n c . k [ ( p s e u d o ) k t ( p s e u d o ) k ( - ( c o r r .  ) k t ( c o r r . )
( m / 1 ) ( M ( t / c ) (1 s e c ^ m o l e  ^ ) (  1 s e c ^ m o 1e - T ) ( 1 s e c ^ m o l e  1 (1 s e c " ^ m o l e  ^ )
0 .0 1 2 5 1 4 . 0 6 . 0 6 X 1 0 -8 4 . 3 3 X 1 0 - 9 6 , 0 6 X 1 0 -8 4 . 3 3 X 1 0 - 7
4 . 5 8 X 10~ 8 a 3 . 5 6 X 1 0 - 9 3 4 . 5 8 X 1 0 - 8 3 3 . 5 6 X 1 0 - 7 3
0 . 0 5 2 5 1 3 . 5 3 , 3 6 X 10 - t 2 . 4 8 X 1 0 -8 6 . 7 2 X 1 0 -8 4 . 9 7 X 1 0 - 7
3 . 2 2 X 1 0 - 7 3 2 . 4 2 X 10 - 8 a 6 . 4 4 X 1 0 - 8 3 4 . 8 3 X 1 0 - 7 3
0 . 1 0 2 5 1 2 ,2 8 . 3 6 X 1 0 - 7 6 . 8 1 X 1 0 -8 8 . 3 6 X 1 0 -8 6 . 8 1 X 1 0 - 7
7 . 3 3 X 10~ 7 a 6 . 1 4 X 10 - 8 3 - 7 , 3 3 X 1 0 - 6 3 6 . 1 4 X 1 0 - 7 3
a.oi 3 5 9 , 7 2 2 . 2 3 X 1 0 - 7 2 . 2 9 X 1 0 -8 2 . 2 3 X 1 0 - 5 2 . 2 9 X 10"8
1 . 3 5 X lor̂ G 1 . 4 1 X 10 - 8 a 1 . 3 5 X 1 0 - 8 3 1 . 4 1 X 1 0 - 8 3
0 . 0 5 3 5 9 , 7 1 1 . 1 8 X 10 - G 1 .2 1 X 1 0 - 7 2 . 3 6 X 1 0 - 5 2 . 4 3 X 1 0 -8
4 , 3 6 X 1 0 ~ 7 a 4 . 3 9 X 10 - 8 a 8 . 7 2 X 1 0 - 6 3 8 . 7 8 X 1 0 - 7 3
0 . 1 0 3 5 1 0 . 9 2 . 7 5 X 10-G 2 . 5 0 X 1 0 - 7 2 . 7 5 X 1 0 - 5 2 . 5 0 X 1 0 -8
1 . 1 4 X 1 0 -6  a 1 . 0 8 X 1 0 - 7 3 1 . 1 5 X 1 0 - 5 3 1 . 0 8 X 1 0 - 8 3
0 . 0 1 5 0 1 1 . 3 1 , 1 7 X 10-G 1 . 0 3 X 1 0 - 7 1 . 1 7 X 1 0 - 4 1 . 0 3 X 10-5
8 , 0 6 X 10-83 7 . 1 7 X 10-83 8 . 0 6 X 10-5 a 7 . 1 7 X 10-63
O'
sD
T a b l e  1 0 1 — C o n t  i n u e d
C o n c . T K k j . ( p s e u d o ) k-(-{ p s e u d o ) k [ ( c o r r . ) k t ( c o r r . )
( m/ d { ’>) ( k / c ) (1 s e c “ ^ mo ! ) (1 s e c - ^ m o l e - T ) (1 s e c ~ ^ m o 1 ) (1 s e c - ^ m o 1e - ^ )
0 . 0 5 5 0 1 1 . 7 7 . 0 3  X i c r &  
3 . 8 6  X 1 0 - 6 3
6 . 0 0  X 1 0 - 7  
3 . 3 9  X 1 0 - 7 a
1 . 4 1  X 1 0 - 4  
7 . 7 2  X 1 0 - 5 3
1 . 2 0  X 1 0 - 5  
6 . 7 8  X 1 0 - 6 3
0 . 1 0 5 0 9 . 8 3 1 . 3 1  X 1 0 - 5  
3 . 4 4  X 1 0 - 7 a
1 . 3 4  X 1 0 - 6  
3 . 4 2  X 1 0 - 7 3
1 . 3 1  X 1 0 - 4  
3 . 4 4  X 1 0 - 5 3
1 . 3 4  X 1 0 - 5  
3 . 4 2  X 1 0 - 6 a
o
^ C a l c u l a t e d  f r o m  t h e  t r a n s  r u n s .
T a b l e  1 0 2
K i n e t i c  D a t a  f o r  E p i m e r i z a t i o n  o f  D i m e t h y l  1 - m e t h y 1 - 1 , 2 - c y c l o h e x a n e d i c a r b o x y I a t e
C o n c . k ( p s e u d o ) k-t; ( p s e u d o ) k ( c o r r . ) k t ( c o r r . )
( M / l ) ( * ) ( t / c ) ( 1 s e c ^ m o 1e ~ l ) ( 1  s e c - I m o l e  ^ ) ( 1  s e c " ^ m o l e  ^ ) ( 1  s e c “ ^m o 1e - 1 )
0 .0 5 2 5 1 .8 4 2 . 2 1 X 1 0 "® 1 . 2 0 X 1 0 - 7 4 . 4 2 X 1 0 - 7 2 .4 1 X 1 0 - 7
1 . 2 8 X 1 0 - 8 a 7 .0 0 X 1 0 " 9 a 2 . 5 6 X 1 0 -7 3 1 .4 0 X 1 0 - 7 a
0 . 0 5 3 5 1 .8 4 6 . 2 8 X 1 0 ~® 3 . 4 2 X 1 0 -® 1 . 2 6 X 1 0 "® 6 .8 3 X 1 0 - 7
6 .3 1 X 1 0 ~ 8 a 3 . 4 4 X 1 0 -8 3 1 .2 6 X 1 0 - 6 a 6 . 8 3 X 1 0 - 7 3
0 . 0 1 5 0 1 .8 4 5 . 9 4 X 1 0 ~® 3 . 2 2 X 1 0 "® 5 . 9 4 X 1 0 -® 3 . 2 2 X 1 0 "®=
5 . 7 2 X 1 0 - 8 a 3 . 1 4 X 1 0 - 8  a 5 . 7 2 X l Q - ® a 3 . 1 4 X 1 0 - ®=
0 . 0 5 5 0 1 . 8 4 3 . 5 0 X 1 0 - 7 1 .9 0 X 1 0 -7 7 . 0 0 X 1 0 "® 3 .8 1 X 1 0 -®
2 . 0 1 X 1 0 - 7 a 1 . 1 1 X 1 0 -7 3 4 . 0 3 X ic r® 3 2 . 2 1 X 1 0 -6 3
0 . 1 0 5 0 1 .7 5 8 . 0 0 X 1 0 -7 4 . 5 6 X 1 0 -7 8 . 0 0 X 1 0 -® 4 . 5 6 X 1 0 - 6
7 . 8 6 X 1 0 ~ 7 a 4 . 4 4 X 1 0 - 7 a 7 .8 6 X ic r® 3 4 . 4 4 X 1 0 "® a
^ C a l c u l a t e d  f r o m  t r a n s  r u n s .
C o n c .
( M / l )
T a b l e  103
K i n e t i c  D a t a  f o r  Ep i m e r i z a t i o n  o f  D i m e t h y l  1 , 2 - c y c I o h c x - 4 - e n d i c a r b o x y I  a t e
T  K k ( - ( p s e u d o )  ( p s e u d o )  k c ( c o r r . )  k t ( c o r r . )
( » )  ( t / c )  (1 s e c “ ^ m o l e ~ l )  ( |  s e c “ ^ m o 1e “ ^ ) ( I  s e c " ^ m o l e ~ ^ )  ( I  s e c ~ l m o l e ~ 1 )
O .O T
0 . 0 5
0.10
0 . 0 5






2 . 8 3
2 .6 8
3 . 3 4
3 . 1 9
2 . 8 2
4 . 3 9  X 10 7  
1 .5 3  X 1 0 - 7 a
1 . 2 1  X 10-G  
7 . 4 4  X 1 0 - 7 a
1 .3 6  X 10-G  
7 .1 1  X 1 0 - 7 a
2 . 7 5  X 1 0 -6  
2 . 6 3  X 1 0 - 6 a
1 .2 3  X 1 0 -5  
9 . 7 8  X 1 0 - ° a
1 .5 5 X 1 0 -5 4 . 3 9 X 1 0 -5 1 .5 5 X 1 0 - 5
5 . 4 7 X 1 0 ~ 6 a 1 .5 3 X 1 0 -5 3 5 . 4 7 X 1 0 - 6  a
4 . 5 3 X 1 0 - 6 2 . 4 2 X 1 0 - 7 9 .0 6 X 1 0 - *
2 .8 3 X 1 0 - 7 a 1 .4 9 X 1 0 - 5 a 5 . 6 2 X 1 0 - 6 a
4 .1 1 X 1 0 - 7 1 .3 6 X 1 0 -5 4 . 1 1 X 1 0 - 6
2 . 1 5 X 1 0 ~ 7 a 7 . 1 1 X 1 0 - * = 2 . 1 5 X 1 0 - 6  a
8 .6 1 X 1 0 - 7 5 . 5 0 X 1 0 -5 1 .7 2 X 1 0 -5
8 . 2 5 X 1 0 -7 3 5 . 2 5 X 1 0 - 5  a 1 .6 5 X 1 0 -5  a
4 . 3 9 X 1 0 - 6 2 . 4 7 X 1 0 - 4 8 . 7 8 X 1 0 - 5
3 . 5 3 X 1 0 - 6 a 1 . 9 6 X 1 Q - 4 a 7 . 0 6 X 1 0 - 5  a
ro
^ C a l c u l a t e d  f r o m  t r a n s  r u n s .
T a b l e  10 4
K i n e t i c  D a t a  f o r  E p i m e r i z a t i o n  o f  D i m e t h y l  1 - m e t h y 1 - 1 , 2 - c y c l o h e x - 4 - e n e d i c a r b o x y I a t e
C o n c . T k r ( p s e u d o ) k-t; ( p s e u d o ) k c ( c o r r . ) k-t; ( c o r r .
( M / l ) ( » ) ( t / c ) (1 s e c ' ■^mo 1 e ~1 ) (1 s e c ^ m o l e  ^ ) (1 s e c ~ 1mo i e   ̂ ) ( 1 s e c ^ m o l e - T )
0 . 0 5 2 5 1 . 6 0 6 , 7 5 X 0~8 4 . 2 2 X 10-8 1 . 3 5 X 10- G 8 . 4 4 X 1 0 - 7
6 . 8 3 X 0~ 8 a 4 . 3 1 X 1 0 - 8 3 1 . 3 2 X 10- 6a 8 . 6 1 X 10-7 a
0 . 0 5 3 5 1 . 6 0 2 , 1 9 X 0 - 7 1 . 3 8 X 1 0 - G 4 . 3 3 X 10-6 2 . 7 1 X 10-6
2 . 4 9 X Q - 7 a 1 . 5 7 X 1 0 - 7 a 5 . 0 0 X 1 0 - 6 3 3 . 1 4 X 1 0 - 6 3
0.01 5 0 1 . 7 0 1 . 9 3 X 0 - 7 1 . 1 4 X 1 0 - 7 1 . 9 3 X 10-6 1 . 1 4 X 1 0 - 5
2 . 3 8 X Q - 7 a 1 . 4 1 X 1 0 - 7 a 2 . 3 8 X 1 0 - 5 3 1 . 4 3 X 10-5 a
0 . 0 5 5 0 1 . 7 0 8 . 7 8 X 0 - 7 5 , 1 7 X 1 0 - 7 1 . 7 6 X 1 0 - 5 1 . 0 3 X 1 0 - 5
4 . 0 3 X Q - 7 a 2 . 3 9 X 10- 7a 8 . 0 6 X 10- 6a 4 . 7 8 X 1 0 - 6 3
0 .1 0 5 0 1 . 5 6 1 . 7 2 X q -6 1.10 X 1 0 - 6 1 . 7 2 X 1 0 - 5 1.10 X 1 0 - 5
8 . 1 7 X 0 - 7a 5 . 2 8 X 1 0 “ 7 a 8 . 1 7 X 1 0 - 6 a 5 . 2 8 X 1 0 - 6 a
^ C a lc u la te d  from t r a n s  runs .
T a b l e  105
K i n e t i c  D a t a  f o r  t h e  E p i m e r i z a t i o n  o f  D i m e t h y l  1 , 2 - c y c I o h e p t a n e d i c a r b o x y 1 a t e
C o n c .  T  K k ^ ( p s e u d o )
( m / 1 ) ( • )  ( t / c )  ( 1  s e c “ ^ m o l e “ M
( p s e u d o )
(1 s e c " l m o l e - l )
k [ ( c o r r . )
{ I s e c ~ ^ m o I e ~ ^ )
k t ( c o r r , )
( I s e c ' ^ m o I e " ^ )
0 . 0 1 2 5 3 . 8 9 7 .1 7 X 1 0 - 7 1 .8 4 X 1 0 - 7 7 . 1 7 X 1 0 - 5 1 . 8 4 X 1 0 - 5
5 . 5 3 X 1 0 " 7 a 1 .4 6 X 1 0 - 7 3 5 . 5 3 X 1 0 - 5 3 1 .4 6 X 1 0 - 5 3
0 ,0 5 2 5 3 . 7 4 3 . 0 3 X 1 0 - 6 8 . 0 6 X 1 0 - 7 6 . 0 6 X 1 0 - 5 1 . 6 1 X 1 0 - 5
1 .6 1 X 1 0 - 6 a 4 . 4 4 X 1 0 - 7 a 3 . 2 2 X 1 0 - 5 3 8 . 8 9 X 1 0 - 6 3
0 , 1 0 2 5 4 . 0 3 6 .-1 9 X 1 0 - b 1 .5 3 X 1 0 -G 6 . 1 9 X 1 0 - 5 1 . 5 4 X 1 0 - 5
5 . 2 5 X 1 0 - 6 a 1 .3 3 X 1 0 -6 3 5 . 2 5 X 1 0 - 5  a 1 . 3 3 X 1 0 - 5 3
0 . 0 5 3 5 4 .5 1 1 .0 8 X 1 0 -5 2 . 3 9 X 1 0 - 6 2 . 0 2 X 1 0 - 4 4 . 7 8 X 1 0 - 5
5 . 4 4 X 1 0 - 6 a 1 . 2 4 X 1 0 -6 3 1 . 0 9 X 1 0 - 4 3 2 . 4 8 X 1 0 - 5 3
0 .0 5 5 0 3 . 9 0 4 . 5 6 X 1 0 -5 1 . 4 4 X 1 0 -5 9 . 1 1 X 1 0 - 4 2 . 3 5 X 1 0 - 5
3 . 8 3 X 1 0 -5  a 9 .8 9 -  X 1 0 " 6 ® 7 . 4 2 X 1 0 - 4 3 1 . 9 8 X 1 0 - 5 3
^ C a lc u la te d  from tr a p s  r u n s .
T a b l e  106
S t a n d a r d  D e v i a t i o n s  o f  D a t a  f o r  E p i m e r i z a t i o n  o f  D i m e t h y l  1 , 2 - c y c ! o p r o p a n e d i c a r b o x y I a t e
C o n c .
(M /1 )
T em p .
( “ )
<Tkc ^  dat a <Ts
,0 5 2 5 5 . 0 0 9 .5 8 X 1 0 -1 0 9 .5 0 X 1 0 -1 2 1 .3 7 X 1 0 - 2 8 . 0  X 1 0 -5
.1 0 2 5 5 . 0 0 1 .4 9 X 1 0 -9 1 .3 9 X 1 0 -1 1 7 .5 9 X 1Q -^ 1 . 0  X 1 0 -5
,0 5 3 5 5 . 0 0 4 . 1 7 X 1 0 -9 3 . 8 9 X 1 0 -1 1 2 .8 7 X 1 0 - 2 1 . 0  X 1 0 - 5
.0 1 5 0 5 . 0 0 3 . 3 0 X 1 0 - 9 2 . 5 0 X 1 0 -1 1 1 . 1 8 X 1 0 - 2 1 . 0  X 1 0 -5
.0 5 5 0 5 . 0 0 7 .5 0 X 1 0 - " 6 . 9 4 X 1 0 -1 1 2 . 4 8 X 1 0 - 2 2 . 0  X 1Q -5
.1 0 5 0 5 , 0 0 4 . 3 3 X 1 0 -8 3 .8 1 X 1 0 -1 0 3 . 8 0 X 10 -1 1 . 1 0  X 1 0 - 4
- 4
T a b l e  107
S t a n d a r d  D e v i a t i o n s  o f  D a ta  f o r  E p i m e r i z a t i o n  o f  D i m e t h y l  1 , 2 - c y c l o b u t a n e d i c a r b o x y I  a t e
C o n c . T ^ a t a ( T s
( M / l  ) ( " )
. 0 1 2 5 1 . 1 7 2 . 0 1  X 1 0 “ ^ 1 . 5 4  X  1 0 “ ® 1 . 9 0 1 . 9  X l Q - 4 _
2 . 5 2  X I C r ' a 3 . 1 4  X 1 0 - 9 3 1 . 0 5 : 3 1 . 0 0  X  1 0  ^ 3
. 0 5 2 5 . 7 9 4 8 . 6 1  X 1 0 - 7 7 . 0 6  X 1 0 - 8 .163 8 . 0  X l o " ^ .
8 . 6 7  X 1 0 - 7 3 1 . 1 4  X 1 0 - 7 3 . 7 0 5 3 3 . 4 9  X 1 0 - 3 3
. 1 0 2 5 1 . 0 6 3 . 0 3  X 1 0 - 6 3 . 4 2  X 1 0 - 7 1 . 0 9 1 6 , 3 5  X 1 0 - 3
8 . 9 2  X 1 0 - 7 3 2 . 7 8  X 1 0 - 9 3 . 6 1 1 3 3 . 6 0  X 1 0 - 5 3
. 0 5 3 5 1 . 3 2 3 . 5 3  X 1 0 - 6 3 . 1 1  X 1 0 - 7 . 4 1 7 2 . 7 9  X 1 0 - 3
3 . 3 1  X 1 0 - 6 3 4 . 5 6  X 1 0 - 7 3 1 . 5 2 6 3 1 . 3 5  X 1 0 - 2 3
. 0 5 5 0 . 7 2 7 1 . 3 7  X  1 0 - 5 1 . 8 7  X 1 0 - 5 1 . 0 0 9 6 . 5  X 1 0 " ^
1 . 3 7  X 1 0 - 4 3 1 . 3 6  X  1 0 - 6 a 1.1553 9 . 1  X 1 0 - 4 3
^ C a lc u l a t e d  f rom t r a n s  r uns .
T a b l e  108
S t a n d a r d  D e v i a t i o n  o f  D a t a  f o r  E p i m e r i z a t i on o f  D i m e t h y l  1 , 2 - c y c i o p e n t a n e d i c a r  boxy  I a t e
C o n e . T ^  d a t a
( m/ i ) ( “ )
. 0 1 25 1 . 3 4 2 . 8 9  X  
1 .  6 7  X
l o - I
1 0 - 7 a
2 . 0 1  X 
2 . 0 5  X
1 0 - 8
1 0 - 8 a
. 1 3 5
. 4 8 0 3
1 . 8  X  1 0 ~ ^  
6 . 2  X  1 0 - 4 3
.0 5 2 5 1 . 1 1 1 .5 9  X  
7 . 6 4  X
1 0 “ ^
i c r ^ a
1 . 1 2  X  
1 . 2 6  X
1 0 -7
1 0 - 7 a
. 3 3 9
. 4 8 8 3
2 . 1 1  X 1 0 * ^  
3 . 0 3  X  1 0
. 1 0 2 5 .9 5 4 4 . 8 0  X  
1 .3 8  X
lO -G  
1 0 - 6  a
4 . 9 4  X 
1 .7 5  X
1 0 - 7
1 0 “ 7 a
2 . 8 8 4  
1 .0793
1 . 4 6  X 1 0 - 2  
5 . 5 3  X  1 0 - 3 3
.0 5 3 5 1 .2 3 1 . 1 5  X  
3 . 5 8  X
1 0 -5
10“ 6 a
1 . 4 5  X  
7 . 0 3  X
10-G
1 0 -7 3
1 .9 8 9
. 7 4 5 a
6 . 5  X 1 0 - 4  
2 . 4  X  1 0 - 4 3
.0 5 5 0 .5 7 7 1 .9 8  X  
1 .4 8  X
1 0 -5
1 0 - 7 a
2 . 6 0  X 
2 . 7 5  X
1 0 -6
1 0 -6 a
.9 2 6
1 .1 4 8 3
8 . 3  X 1 0 - 4
1 . 0 3  X 1 0 - 3 3
N
^ C a lc u la te d  from t r a n s  runs .
T a b l e  1 0 9
S t a n d a r d  D e v i a t i o n  o f  D a t a  f o r  E p i m e r i z a t I on o f  D i m e t h y l  1 , 2 - c y c I o h e x a n e d i c a r b o x y l  a t e
C o n e .
( M / 1 )
T
( » )
t < $ ^ d a t a <Ts
.01 2 5 1 . 8 3 1 . 1 4 X 10- G 5 . 8 9 X 10 9 5 . 3 8  X 1 0 - 2 3 . 3  X 1 0 - 4
1 . 6 2 X 10- 8 a 1 . 5 2 X 1 0 - 9 3 .2233 1 . 5 0 X 1 0 - ^
. 0 5 2 5 1 . 8 3 6 . 3 3 X 10-8 3 . 2 8 X 1 0 - 9 . 1 6 8 1 . 3 1  :X 1 0 - 4
2 . 1 9 X 1 0 - 8 3 4 . 1 1 X 1 0 - 9 3 . 2 5 6 3 2 . 0  X 1 0 - 3 3
.10 2 5 2.01 1 . 9 0 X 1 0 - 7 1 . 0 8 X icTg . 1 9 9 1 . 4  X 1 0 - 4
4 . 0 0 X 1 0 - 8 3 1 . 1 6 X 1 0 - 8 3 . 2 0 0 3 1 . 5  X 1 0 - 4 3
.01 3 5 1 . 2 5 3 . 9 7 X 10-8 2 . 8 1 X 1 0 - 9 8 . 0 9  X 1 0 - 2 3 . 0  X 1 0 - 5
6 . 1 9 X 1 0 - 9 3 1 . 9 1 X 1 0 - 8 3 6 . 0 6  X 1 0 - 2 a 2 . 0  X 1 0 - 5 3
. 0 5 3 5 . 3 9 6 1 . 2 4 X 1 0 - 7 1 . 1 8 X 10-8 . 7 6 3 4 . 2  X 1 0 - 4
9 . 8 9 X 1 0 - 7 3 1 . 1 6 X 1 0 ~ 7 a . 7 0 8 3 3 . 9  X 1 0 - 4 3
.10 3 5 2 . 1 9 7 . 7 8 X 1 0 - 7 5 . 0 3 X 1 0 -8 . 3 3 3 1 . 0  X 1 0 - 5
4 . 4 4 X 10-7 a 4 . 8 6 X 1 0 - 8 3 . 6 4 7 3 2 . 0  X 1 0 - 5  a
00
Table  109— Continued
C o n e .
( m/ i )
T
( “ )
( ^ d a t a
. 0 1 5 0 1 . 0 5 1 . 6 3  X 1 0 “ ^ 1 . 0 8  X 1 0 - 8 . 2 9 1
- 4
2 . 7  X 1 0
6 . 9 7  X I C r G a 9 . 5 6  X 1 0 - 8 a . 2 8 8  3 2 . 7  X 1 0 - 4 a
. 0 5 5 0 2 . 2 1 2 . 1 8  X 1 0 - G 1 . 4 7  X 1 0 - 7 1 . 3 5 8 4 . 7 3  X 1 0 - 3
1 . 3 6  X 1 0 - 6 a 1 . 3 4  X 1 0 " 7 a 1 . 5 2 6 3 5 . 3 2  X 1 0 - 3 a
. 1 0 5 0 2 . 3 0 4 . 5 8  X 1 0 - G 3 . 4 7  X 1 0 - 7 1 . 4 9 4 7 . 8 7  X 1 0 - 3
9 . 3 3  X 1 0 7 a 1 . 0 0  X 1 0 “ 7 a . 7 0 0 3 3 . 6 9  X 1 0 - 3 a
^ C a l c u l a t e d  f r o m  t r a n s  r u n s .
Tabl e  110
Standard D e v i a t i o n s  o f  Data f o r  Ep i m e r i z a t i on o f  Dimethyl  1 - me t h y 1 - 1 , 2 - c y c Io h e x a n e d i c a r b o x y l a t e




"■Kc ^ d a t a
. 0 5 25 1 . 4 2 2 . 5 3 X 1 0 - 9 1 . 0 1  X 1 0  9 2 . 6 8  X 1 0 - 2 1 . 0  X 1 0 - 5
3 . 6 7 X 1 0 ~ 9 a 2 . 0 6 4  X 1 0 - 9 a 6 . 5 0  X 1 0 - 2 a 2 . 0  X 10- 5®
. 0 5 3 5 . 1 4 2 6 . 0 8 X 1 0 - 9 1 . 9 9  X 1 0 - 9 2 . 0 7  X 1 0 - 2 1 . 0  X 1 0 - 5
6 . 0 0 X 1 0 - 9 a 4 . 1 4  X 1 0 " 9 a 6 . 3 7  X 10 3 . 0  X 1 0 - 5 3
. 0 1 5 0 . 1 4 2 8 . 8 6 X 1 0 - 9 4 . 1 1  X 1 0 - 9 8 . 4 8  X 1 0 - 2 3 . 0  X 1 0 - 5
8 . 1 4 X 1 0 - 9 a 5 . 0 0  X 1 0 ~ 9 a 9 . 7 8  X 1 0 - 2 3 4 . 0  X 1 0 - 5 3
. 0 5 5 0 ►142 3 . 2 8 X 1 0 - 8 1 . 0 0  X 1 0 - 8 9 . 7 1  X 1 0 - 2 3 . 0  X 1 0 - 5
3 . 2 2 X 1 0 - 8 a 2 . 5 6  X 1 Q - 8 a . 695® 2 . 4  X 1 0 - 4 3
. 1 0 5 0 . 1 2 4 7 . 2 2 X 1 0 - 8 2 . 5 6  X 1 0 - 8 . 2 2 0 1 . 1 5  X 1 0 - 4
3 . 5 3 X 1 0 - 8 a 3 . 2 2  X l Q - 8 a . 257® 1 . 7  X 1 0 - 4 a
00
o
^Ca l c u l a t e d  from t r a ns  runs .
Ta bl e  111
Standard D e v i a t i o n  o f  Data for  E p i me r i z a t i o n  o f  Dimethyl  1 , 2 - c y c l o h e x - 4 - e n e d IcarboxyI a t e
C o n e .
( M/ 1 )
T
( ' )
f  K ( ^ d a t a ( f s
. 0 1 2 5 . 3 2 5 1 . 2 9  X  
1 . 4 4  X
1 0 - 7
1 0 ~ 8 a
4 . 2 2  X  
8 . 1 7  X
1 0 - 8
1 0 - 9 3
. 8 5 2
. 1 2 3 ^
5 . 5  X  1 0 - 4  
6 . 0  X  1 0 - 5 G
. 0 5 2 5 . 3 4 3 1 . 9 6  X
3 . 9 7  X
1 0 - 7
1 0 “ 8 a
4 . 5 0  X  
3 . 6 7  X
1 0 -8  
10 - ®  3
. 1 3 8
. 0 8 4 3
2 . 0  X  1 0 - 4  
1 . 5  X  1 0 - 4 B
. 1 0 2 5 . 4 1 4 2 . 8 1  X  
1 . 3 9  X
1 0 - 7
1 0 - 7 3
6 . 7 5  X  
4 . 8 3  X
1 0 -8
1 0 - 8 a
1 . 0 1 2  
. 7 4 8 3
1 . 0  X 1 0 - 5
1 . 0  X 1 0 - 5 3
. 0 5 3 5 . 2 8 8 3 . 9 7  X  
3 . 6 9  X
1 0 - 7
1 0 - 7 3
9 . 7 2  X  
3 . 6 9  X
1 0 -8
1 0 - 7 3
. 6 4 0
. 9 4 8 3
1 . 0  X  1 0 - 5
2 . 0  X 1 0 - 5 3
. 0 5 5 ? . 3 2 4 2 . 2 7  X  
2 . 4 2  X
10 - t
1 0 - 6 3
6 . 2 5  X 
9 . 5 8  X
1 0 - 7
1 Q - 7 a
. 5 6 3
.9453
1 . 1 0  X 1 0 - 4  
1 . 9  X 1 0 - 4 3
00
^ Ca l c u l a t e d  from t r a n s  runs .
Tabl e  112
Standard D e v i a t i o n  of  Data for  E p i m e r i z a t i on of  Dimethyl  1 - me t hy I- 1 , 2 - c y c Io h e x - 4 - e n e d i c a r b o x y i a t e
C o n e .
( M / l )
T
( “ )
^ d a t a
. 0 5 2 5 1 . 8 7 9 . 5 6 X 1 0 - 9 3 . 3 6 X 1 0 - 9 4 . 3 7  X 1 0 - 2 1 . 0 X 1 0 - ;
3 . 1 7 X 1 0 - 9 a 4 . 8 3 X 1 0 - 9 a 2 . 5 7  X 1 0 - 8 3 1 . 0 X 1 0 - 5 3
. 0 5 3 5 1 . 8 7 3 . 0 0 X 1 0 - 8 1 . 8 9 X 1 0 - 8 . 1 8 7 7 . 0 X 1 0 - 5
1 . 6 0 X 1Q - 8 a 2 . 5 6 X 1 0 - 8 3 . 2 2 0 ^ 1 . 5 X 1 0 - 4 3
. 0 1 5 0 1 . 5 4 2 . 2 7 X 1 0 - 8 8 . 5 0 X 1 0 - 9 . 1 2 6 5 . 0 X 1 0 - 5
2 . 4 3 X 1 0 - 8  a 1 . 9 7 X 1 0 - 8 a . 3 0 9 3 1 . 3 X 1 0 - 4 a
. 0 5 5 0 . 1 5 4 1 . 2 6 X 1 0 - 7 5 . 7 2 X 1 0 - 8 . 4 6 7 , 4 . 7 X 1 0 - 4 ^
5 . 1 1 X 1 0 - 8 a 4 . 2 8 X 1 0 - 8 a . 3 3 3 3 . 4 0 X 1 0 - 4
. 1 0 5 0 . 1 3 6 3 . 0 6 X 1 0 - 7 1 . 7 0 X 1 0 - 7 1 . 4 3 4 1 . 4 6 X 1 0 - 5
1 . 0 7 X 1 0 - 7 3 8 . 8 1 X 1 0 - 8 3 . 5 9 1 3 6 . 0 X 1 0 - 4 3
00
ro
^Cal cul a t ed  from t r a n s  runs .
Tabl e  113
Standard D e v i a t i o n s  of  Data f o r  E p i me r i z a t i o n  of  Dimethyl  1 , 2 - c y c Io h e p t a n e d i c a r b o x y l a t e
C o n e . T ' C k c ^ a t a <5^8
( M / l ) ( » )
. 0 1 2 5 . 6 7 9 1 . 6 5  X  
1 . 1 4  X
1 0 - 7
1 0 - 7 a
2 . 7 5  X  
3 . 8 9  X
1 0 - 8  
1 0 - 8  a
. 1 9 4
. 5 5 9 3
1 . 7  X  1 0 - 4  
5 . 1  X  1 0 - 4 3
. 0 5 25 . 5 2 2 5 . 9 2  X  
3 . 1 1  X
1 0 - 7  
1 0 - 7  a
1 . 1 1  X  
1 . 0 8  X
1 0 - 7
1 0 - 7 a
. 5 1 0
. 6 2 9 ^
1 . 1 4  X  1 0 - 3  
1 . 4 0  X  1 0 - 3 a
. 1 0 2 5 . 6 2 9 1 . 9 7  X  
2 . 0 9  X
1 0 - 6
1 0 ~ 6 a
4 . 2 5  X  
2 . 0 9  X
1 0 - 7
1 Q - 6 a
1 . 0 1 5  
8 . 3 5  X 1 0 - 2 3
6 . 8 6  X  1 0 - 3  
6 . 0  X  1 0 - 4 a
►05 3 5 . 7 9 2 2 . 5 3  X  
2 . 2 3  X
1 0 - 6
1 0 ~ 6 a
3 . 7 2  X  
5 . 3 9  X
1 0 - 7
10- 7 a
. 4 1 5  
1 . 4 7 5 3
2 . 7 6  X  1 0 - 3  
9 . 8 1  X  1 0 - 3 a
. 0 5 5 0 . 2 7 8 6 . 1 4  X  
4 . 4 2  X
1 0 - 6
1 0 - 6 a
1 . 3 3  X 
1 . 3 6  X
1 0 -6
1 0 - 6 a
. 7 8 7
. 7 6 2 3
2 . 0 4  X  1 0 - 2  
1 . 9 8  X  1 0 - 2 a
00
w
^ Ca l c u l a t e d  from t r a n s  runs .
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T h e  f r e e  e n e r g y  o f  e a c h  r e a c t i o n  was  c a l c u l a t e d  by t h e  r e l a t i o n ,  
A f ** =  -  RT In K
T h e s e  v a l u e s  a c c o m p a n i e d  by t h e i r  e s t i m a t e d  e r r o r s  a r e  l i s t e d  in T a b l e  
1 1 4 .  Th e  e r r o r s  w e r e  c a l c u l a t e d  by t h e  r e l a t i o n ;
A ( A F o ) =  -  RTAK/  K 
T h i s  r e l a t i o n  i n c o r p o r a t e s  t h e  a s s u m p t i o n  t h a t  a l l  e r r o r s  a r e  in t h e  
v a l u e s  o f  t h e  e q u i l i b r i u m  c o n s t a n t .
T a b l e  114
F r e e  E n e r g y  V a l u e s  f o r  E p i m e r i z a t i o n  o f  c i s -  and  t r a n s -  
1 , 2 - c y c l o a l k a n e d i c a r b o x y l a t e s  a t  5 0 * C .
E s t e r
K
( t / c )
A F "
( k c a l / m o l e )
A  (AF°) log K
D i m e t h y l  1 , 2 - c y c 1o p r o p a n e -  
d i c a r b o x y l a t e
9 9 . 0  + 5 . 0 - 2 . 6 2 +  0 . 0 3 1 . 9 9 6
D i m e t h y l  1 , 2 - c y c l o b u t a n e -  
d i c a r b o x y 1 a t e
8 . 5 8  + . 7 3 - 1 . 2 7 +  0 . 0 6 0 . 9 3 4
D i m e t h y l  1 , 2 - c y c l o p e n t a n e -  
d i c a r b o x y l a t e
6 . 0 8  + . 5 8 - 1 . 0 6 +  0 . 0 7 1 . 7 8 4
D i m e t h y l  1 , 2 - c y c l o h e x a n e -  
d i c a r b o x y l a t e
1 1 . 7  + 2 . 2 - 1 . 4 5 +  0 . 1 2 1 . 0 6 9
D i m e t h y l  1 - m e t h y 1 - 1 , 2 - c y c l o -  
h e x a n e d  i c a r b o x y 1 a t e
1 . 8 4  + . 1 4 - 0 . 3 6 +  0 . 0 5 0 . 2 6 5
D i m e t h y l  1 , 2 - c y c l o h e x - 4 -  
e n e d  i c a r b o x y I  a t e
2 . 8 2  + . 3 2 —0 . 6 1 +  0 . 0 7 0 . 4 5 0
D i m e t h y l  1 - m e t h y 1 - 1 , 2 - c y c 1o -  
h e x - 4 - e n e d  i c a r b o x y 1 a t e
3 . 9 0  + . 2 8 - 0 . 8 0 +  0 . 0 5 0 . 5 9 1
D i m e t h y l  1 , 2 - c y c 1o h e p t a n e -  
d i c a r b o x y l a t e
3 . 9 9  + . 2 7 - 0 . 8 2 +  0 . 0 6 0 . 6 0 2
185
Th e  e n e r g y  o f  a c t i v a t i o n ,  E a ,  i s  c a l c u l a t e d  by t h e  
r e i a t  i o n ,
T h e  s l o p e  o f  t h e  l i n e  f r o m a p l o t  o f  In k v e r s u s  i / t  i s  - E a / R .
T h e  a c t i v a t i o n  e n e r g y  c a n  be  c a l c u l a t e d  f r o m  t h e  r e l a t i o n
Eg =  -  ( s l o p e )  R.
T h e  v a l u e s  f o r  t h e  s l o p e  w e r e  c a l c u l a t e d  w i t h  a l e a s t  s q u a r e s  t r e a t m e n t .  
S e v e r a l  p l o t s  o f  t h i s  t y p e  a r e  shown  in F i g u r e  3 3 .
The  s t a n d a r d  d e v i a t i o n  o f  t h e  s l o p e  was  c a l c u l a t e d  f r o m t h e  
e q u a t i o n s  u s e d  p r e v i o u s l y  f o r  t h e  c a l c u l a t i o n  o f  s t a n d a r d  d e v i a t i o n s  o f  
r a t e  c o n s t a n t s .  T h e  v a l u e s  o f  t h e  a c t i v a t i o n  e n e r g i e s  and t h e i r  s t a n d a r d
d e v i a t i o n s  a r e  g i v e n  in t h e  f o l l o w i n g  t a b l e .  T a b l e  115 .
T h e  e n t h a l p y ,  A h* ,  f r e e  e n e r g y ,  A F * ,  a n d  t h e  e n t r o p y  A S ^ ,  
o f  a c t i v a t i o n  w e r e  c a l c u l a t e d  by t h e  f o l l o w i n g  r e l a t i o n s ,
A  =  Eg -  RT
A f "*" =  RT In k r  +  RT In ( h /  k T)
a n d
As"^ = (A h* -  A f*) /  T
w h e r e  h i s  P l a n c k s  c o n s t a n t ,  ( 6 . 6 X  I CT^ ?  e r g - s e c o n d s ) , and k i s
B o l t z m a n n ’ s  c o n s t a n t  ( 1 . 3 8  x 10“ ^^  e r g  de g~^  m o l e c u l e " ^ ) .  T h e s e
v a l u e s  a r e  l i s t e d  i n  T a b l e  1 1 6 .
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T a b l e  115
A c t i v a t i o n  E n e r g y  and  S t a n d a r d  D e v i a t i o n  o f  A c t i v a t i o n  E n e r g y  
f o r  E p i m e r i z a t i o n  o f  1 , 2 - C y c l o a I k a n e d i c a r b o x y I a t e s .
E s t e r Ea
( k c a l / m o l e )
D i m e t h y l  1 , 2 - c y c 1o p r o p a n e -  
d i c a r b o x y  1 a t e
2 0 . 8 ±  *2
D i m e t h y l  1 , 2 - c y c 1o b u t a n e -  
d i c a r b o x y  1 a t e
1 9 . 2 ±  *2
D i m e t h y l  1 , 2 - c y c l o p e n t a n e -  
d i c a r b o x y 1a t e
1 9 . 9 +  . 3
D i m e t h y l  1 , 2 - c y c 1o h e x a n e -  
d i c a r b o x y  1 a t e
2 2 . 2 +  . 3
D i m e t h y t  1 - m e t h y 1 - 1 , 2 - c y c 1 o h e x a n e -  
d i c a r b o x y 1a t e
2 0 . 7 ±  "2
D i m e t h y l  1 , 2 - c y c l o h e x - 4 - e n e d i -  
c a r b o x y 1a t e
1 9 . 8 ±  "2
D i m e t h y l  1 - m e t h y 1 - 1 , 2 - c y c l o h e x - 4 -  
e n e d  i c a r b o x y  1 a t e
2 4 . 2 ±  ' 2
D i m e t h y l  1 , 2 - c y c l o h e p t a n e -  
d i c a r b o x y 1a t e
2 0 . 3 ±  ' 2
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-3.0
- 2 . 0
P
- 1 .0,
- 0 . 0'
1.0
3.15 3 . 2 0 3 . 2 5 3 . 3 0
l/T (°K) X 10^










T a b  I e 116
E n t h a l p y  ( A H * ) ,  F r e e  E n e r g y  ( A F * )  and  E n t r o p y  ( A S * )  o f  A c t i v a t i o n  
f o r  E p i m e r i z a t i o n  o f  1 , 2 - C y c i o a I k a n e d i c a r b o x y I  a t  e s
A h* A f*  A s*
E s t e r
( k c a  l / mo l e )  A ( A H * )  ( k c a l / m o l e )  A ( A f ^ )  ( e . u . )  A ( A S * )














2 0 . 2  +  . 2  2 7 . 1  +  .1 - 2 3 .  +  1
1 8 . 7  +  . 2  2 2 . 7  +  . 1 - 1 0 .  +  1
1 9 . 4  +  . 3  2 2 . 5  +  .1 - 1 0 .  +  1
2 1 . 7  +  . 3  2 8 . 6  +  .1 - 2 3 .  +  1
2 0 . 2  +  . 2  2 6 . 0  +  .1 - 2 0 .  +  1
1 9 . 3  +  . 2  2 3 . 7  +  .1 - 1 5 .  +  1
2 3 . 7  +  . 2  2 5 . 4  +  .1 -  6 .  +  1
1 9 . 8  +  . 2  2 3 . 1  +  . 1 - 1 1 .  +  1
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T h e  e r r o r s  in A h * ,  A f ’̂ ,  a n d  A S *  a r e  e s t i m a t e d  by t h e  
f 0 1 l o w i n g  e q u a t  i o n s ;
A(AF+) = -(RT /  k^)Akr
A (A S *) = A (  AH*) A (A F*)
T T
The  maxi mum e r r o r A ( A H ^ )  i n  A h*  i s  a s s u me d  t o  be a p p r o x i m a t e l y  
t h e  s t a n d a r d  d e v i a t i o n  o f  E g .
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APPEND IX
Most  o f  t h e  c a l c u l a t i o n s  d e s c r i b e d  in t h e  " T r e a t m e n t  o f  D a t a  
and R e s u l t s "  s e c t i o n  w e r e  made  w i t h  a F o r t r a n  II c o m p u t e r  l a n g u a g e  
p r o g r a m ,  w h i c h  was  e x e c u t e d  on an IBM 1410 c o m p u t e r .  T h i s  p r o g r a m  
c a l c u l a t e s  t h e  l e a s t  s q u a r e s  s l o p e ,  t h e  r a t e  c o n s t a n t s  and  t h e i r  
a s s o c i a t e d  e r r o r s ,  a s  w e l l  a s  a s t a t i s t i c a l  a n a l y s i s  o f  t h e  e q u i l i b r i u m  
c o n s t a n t  v a l u e s .  Th e  d a t a  n e c e s s a r y  f o r  o p e r a t i o n  o f  t h e  p r o g r a m  a r e :  
t h e  r e l a t i v e  p e r c e n t a g e s  o f  t h e  c i s  a n d  t r a n s  e s t e r s ,  t h e  e s t i m a t e d  
e r r o r  o f  t h e  r e l a t i v e  p e r c e n t a g e s ,  t h e  e l a p s e d  t i m e s ,  t h e  n u mb e r  o f  
p o i n t s  t o  be c a l c u l a t e d ,  t h e  a v e r a g e  e q u i l i b r i u m  c o n s t a n t ,  t h e  numbe r  
o f  v a l u e s  o f  t h e  e q u i l i b r i u m  c o n s t a n t  t o  be c o n s i d e r e d  in t h e  s t a t i s ­
t i c a l  t r e a t m e n t ,  and t h e  v a l u e s  o f  t h e  e q u i l i b r i u m  c o n s t a n t s .
P r o q r a m
DIMENSION A ( 2 5 ) ,  B ( 2 5 ) ,  X ( 2 5 ) ,  Y ( 2 5 ) ,  D Y ( 2 5 ) ,  W ( 2 5 ) ,  WW{25),  
1XKEQ( 50) , DDELA( 25) , DDELB( 25)
1 READ 1 0 0 , N , J J B , C I , E Q K , P , X B A R  
100 FORMAT ( 2 I 3 , 4 F 1 0 . 5 )
2 PRINT 102
102 FORMAT ( / / , 1 2 H  N J J B  C I , 6 X , 4 H  EQK, 7X,2H P , 6 X , 5 H  XBAR)
PRINT 1 0 3 ,  N,  J J B ,  C l ,  EQK, P,  XBAR
103 FORMAT ( I X , 1 2 , I X , I 2 , 4 F 1 0 . 5 )
195
196
IF ( N ) 2 0 0 , 2 0 0 , 5 5 9  
5 5 9  CONTINUE 
S Y= 0 . 0  
S X= 0 . 0  
X Y = 0 . 0  
X X = 0 .0  
SUMY=0.0
READ 6 0 0 , (XKEQi  I ) , 1 = 1 , J J B )
6 0 0  FORMAT ( 8 F 1 0 . 2 )
DO 3 1 = 1 , N
READ 1 0 1 , A ( l ) , B ( l ) , X ( l )
IF ( 9 7 . 0 - A i l ) ) 3 1 4 , 3 1 3 , 3 1 3  
3 1 4  D D E L A ( i ) = C I * 0 . 0 l * P / 9 7 . 0  
GO TO 31 5
3 1 3  CONTINUE
D D E L A i I ) = C I * 0 . 0 1 * P / A ( I )
316  CONTINUE
IF ( B ( l ) - 3 . 0 ) 3 1 7 , 3 1 6 , 3 1 6
3 1 7  D D E L B d ) = C ! * 0 . 0 1 * P / 3 . 0  
GO TO 3 1 8
3 1 6  CONTINUE
D D E L B ( I ) = C I * 0 . 0 1 * P / b ( I )
3 1 8  CONTINUE
A ( I ) = A ( l ) * C I * 0 . 0 1  
B ( I ) = B ( I ) * 0 1 * 0 . 0 1
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Y ( l ) = L O G ( A B S ( A ) * E Q K - B ( l ) ) )
SY=SY+Y( I )
SX=SX+X( I )
XX=XX+X( I ) *X( I )
XY=XY+X( I ) *Y( I )
I F ( A ( I ) * E Q K - B ( I ) 1 4 0 1 , 4 0 2 , 4 0 1
401 DY( I ) = ( EQK* DDELA( I ) - DDELB( I ) ) / ( A ( l ) ^ E Q K - B ( I ) )
W ( l ) = 1 . 0 / A B S ( D Y  ( I ) )
SUMW=5UMW+W(I)
101 FORMAT ( 2 F 1 0 . 5 , F 1 0 . 2 )
I F ( A ( l ) * E Q K - B ( I ) 1 4 0 5 , 5 0 2 , 4 0 5
4 0 2  D Y ( 11 = . 9 9 9 9 E 3 0
4 0 5  PRINT 1 0 4 , 1 , 1 , 1 , 1 , 1
1 0 4  FORMAT ( / / , 4 X , 3 H  A ( , I 2 , 2 H  1 , 5 X, 3 H B ( , I 2 , 2 H  1 , 4 X, 3 H X ( , I 2 , 2 H 1 ,  
1 8X, 3H Y ( , I 2 , 2 H  1 , 1 0 X, 4 H  D Y ( , I 2 , 2 H  H
PRINT 1 0 5 ,  A ( H , B ( l l ,  X d l ,  Y ( H ,  D Y ( H




I F ( E N * X X - Z l 4 0 7 , 4 0 8 , 4 0 7
4 0 7  S=( EN*XY- SX*SYl / ( EN*XX- Zl  
YINT=(XX*SY- SX*XY) / (EN*XX- Z)
PRINT 1 0 6 , S , Y I N T
106 FORMAT ( / / / , 3 X , 3 H  S = , E 1 4 . 8 / 6 H  Y I N T = , E 1 4 . 8 }
4 0 8  CONTINUE
198





4  DO 5 1 = 1 , N
411 CONTINUE 







108 FORMAT ( / / / , 6 H  WW( I ) )
PRINT 1 0 9 , (WW(I) , l =1 , N)
109 FORMAT ( / / , 7 E 1 5 . 8 )
ZZ=WWX*WWX
I F( WWXX- ZZ) 412 , 200 , 412
4 1 2  CONTINUE
SW= (WWXY-WWX*WWY)/(WWXX-ZZ)
Y INTW=(WWY*WWXX-WWXY*WWX) / (WWXX-ZZ)
PRINT 110 ,  SW, YINTW 
n o  FORMAT ( / / / , 3 X , 4 H  S W= , E1 4 . 8 / 7 H Y I N T W = , E 1 4 . 8 , / / / )  
BI RD=0. 0




8 DG9 1 = 1 , J J B
BIRD=BIRD+(XKECl( I ) -XBAR)*(XKEO(  I )-XBAR)
SXKEQ=5XKEQ+XKEQ(I)
9 CONTINUE 
XJ J B= J J B
IF ( X J J B - 1 . 0 )  1 5 0 , 1 5 1 , 1 5 0  
151 CONTINUE 
EQKVAR=0.0 
GO TO 153 
150 CONTINUE
E Q K V A R = ( 1 . 0 / ( X J J B - 1 . 0 ) )*BIRO 
153 CONTINUE
I F( EQKVAR) 503, 5 0 4 , 5 0 3
5 0 4  READ 505,EQKVAR
5 0 5  F0RMAT( F10. 5)





F I NK=0 . 0
PRINT 111,EQKVAR,EQKSD,AVKEQ,RK2,RK1 
i n  FORMAT ( 1X, 8H EQKVAR=, E14 . 8 , 2X, 7H EQKS D=, E1 4 . 8 , 2 X, 7 H AVKEQ=, 
1 E 1 4 . 8 / 1 X , 5 H  R K 2 = , E 1 4 . 8 , 1 0 X , 5 H  R K 1 = , E 1 4 . 8 )
200
10 DO n  1 = 1 , N
FINK =FI NK+( SW*X( 1) +YI NTW- Y( I ) * ( S W * X ( I ) Y I N T W - Y ( i ) )
11 CINTINUE
dvar+ ( i . o/ en)*f in k
DSD=SQRT(DVAR)
YVAR=DVAR*XX/(EN*XX-Z)
s v a r = e n *dvar / ( e n *xx- z )
SSD=SQRT (SVAR)
YSD=SQRT(YVAR)
RK2VAR=fiK2* (SVAR/(SW*SW)+EQKVAR/(  ( 1 .0-hAVKEQ,) * ( 1 .04AVKEQ) ) ) *RK2 




PRINT 112, DSD, YSD, SSD, RK2SD, RK1SD 
112 FORMAT (1X,5H DSD=,F10.5,2X,5H Y S D = , F 1 0 . 5 , 2 X , 5 H  SSD=,F10.5/ 
nX,7H RK2SD=,F10.8,2X,7H RK1SD=,F10.8)
I F ( N ) 2 0 0 , 2 0 0 , 1  
2 0 0  STOP
A STUDY OF THE PHYTOCHEMISTRY 
OF THE GENUS CNIDOSCOLUS
CHAPTER I 
INTRODUCTION
T h e  g e n u s  Cn I d o s c o I  us  h a s  l ong  b e e n  known a s  a g r o u p  o f  
u n d e s i r a b l e  r a n g e  p l a n t s .  In t h e  S o u t h e a s t  a r e a  o f  t h e  U n i t e d  S t a t e s  
t h e  p r i n c i p a l  s p e c i e s  i s  C n i d o s c o l u s  s t i m u l o s u s  ( M i c h x . )  G r a y ;  in t h e  
S o u t h c e n t r a l  a r e a  Cn i d o s c o  I us  t e x a n u s  (Mue I I .  A r g . ) SmaI  I ; and  in t h e  
S o u t h w e s t  a r e a  Cn i d o s c o I  us  a n q u s t  i d e n s  T o r r .  O t h e r  c l o s e l y  r e l a t e d  
s p e c i e s  a r e  f o u n d  in t h e  S o u t h w e s t  and s o u t h  i n t o  t r o p i c a l  A m e r i c a .
T h e s e  s p e c i e s  a r e  much b r a n c h e d  s t o u t - s t e m m e d  p l a n t s  h a v i n g  
l a r g e  l e a v e s ,  and  a r e  n o t i c e a b l y  c o v e r e d  w i t h  l a r g e  c l u s t e r s  o f  
f r a g r a n t ,  wa xy ,  w h i t e  f l o w e r s .  T h e  p l a n t s  a r e  a l l  c a l l e d  s t i n g i n g  
n e t t l e s  o r  b u l l  n e t t l e s ,  ( n o t  t o  be  c o n f u s e d  w i t h  c e r t a i n  me mber s  
o f  t h e  So I a n a c e a e , n a m e l y  So Ianum r o s t r a t u m  a n d  So I anum c a r o I  i n e n s e . ) 
Cn i d o s c o I  us  a n q u s t  i d e n s  i s  commonl y known a s  t h e  ma I a muj  e r ,  t h e  bad 
woman.  S c h u l t z  c o n s i d e r s  C n i d o s c o l u s  t e x a n u s  t o  be t h e  b e s t  n a t u r a l l y  
p r o t e c t e d  p l a n t  e x c e p t  f o r  t h e  c a c t i . 1
Sma I I d e s c r i b e s  Cn i d o s c o I  us  s t i m u l o s u s  ( B i v o n e a  s t i m u l o s a  
( M i c h x . )  R a f . )  a s  f o l l o w s :
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P l a n t  1 - 1 2  dm t a l l ;  l e a f  b l a d e s  8 - 3 0 c m b r o a d ,  c o a r s e l y  o r  
f i n e l y  l o b e d ;  s t a m i n a t e  c a l y x  w i t h  a c y l i n d r i c a l  t u b e ,  and 
l o b e s  a b o u t  e q u a l  in l e n g t h ;  c a p s u l e  1 0 - 1 6  cm (mm?) l o n g ,  b r i s t l y .  
Dry wo o d s ,  s a n d y  hammocks ,  pi  ne  l a n d s ,  and s a n d - d u n e s ,  c o a s t a l  
p l a i n  and a d j a c e n t  p r o v i n c e s ,  F l o r i d a  t o  T e x a s  and V i r g i n i a . 2
More r e c e n t  r e p o r t s  i n d i c a t e  t h a t  C n i d o s c o l u s  s t i m u l o s u s  h a s  n o t  b e e n
c o l l e c t e d  w e s t  o f  t h e  M i s s i s s i p p i  R i v e r . 3 * 4
C n i d o s c o l u s  t e x a n u s  i s  d e s c r i b e d  by S h i n n e r s  a s  f o l l o w s : ^
P e r e n n i a l  up t o  80  cm t a l l  f r o m a d e e p ,  b r a n c h i n g  r o o t  
f o r m i n g  l o o s e  p a t c h e s .  S t e m s  d e n s e l y  and l e a v e s  mo r e  s p a r s e l y  
h i s p i d  w i t h  p a l e  s t i n g i n g  h a i r s .  L e a v e s  a l t e r n a t e ,  l ong  p e t i o l e d ;  
b l a d e s  c o r d a t e ,  p a l m a t e l y  d e e p l y  l o b e d ,  t h e  l o b e s  c o r s e  I y t o o t h e d  
o r  a g a i n  l o b e d ,  s t i p u l e s  i n c o n s p i c u o u s  n a r r o w  t o o t h e d .  F l o w e r s  in 
t e r m i n a l ,  d e t e r m i n a t e  c o r y mb s  s l i g h t l y  s h o r t e r  t o  s l i g h t l y  l o n g e r  
t h a n  t h e  l e a v e s .  P e r i a n t h  l a r g e ,  w h i t e ,  s h o wy ,  s w e e t - s c e n t e d ,  w i t h  
s u b c y I  i n d r i c a I  t u b e  s l i g h t l y  l o n g e r  t h a n  t h e  4 - 5  s u b r o t a t e  l o b e s .  
S a n d y  op e n  wo o d s ,  f i e l d s ,  and  r o a d s i d e s ;  common,  l o c a l l y  a b u n d a n t .  
A p r i l  t o  J u l y ,  l e s s  f r e e l y  t o  S e p t e m b e r .
H o p k i n s ^  d e s c r i b e s  t h e  r a n g e  o f  C n i d o s c o I  us  t e x a n u s  a s  T e x a s ,  
A r k a n s a s  and Ok l a h o m a .
C n i d o s c o l u s  a n g u s t i d e n s  i s  d e s c r i b e d  by K e a r n e y  and P e e b l e s  in 
t h e  f o l l o w i n g  m a n n e r ; ?
P e r e n n i a l  h e r b ;  l e a v e s  I o n g - p e t i o I e d ,  t h e  l o b e s  a t t e n u a t e  and  
s l e n d e r l y  t o o t h e d ;  s t i p u l e s  t h i n ,  l a c e r a t e ;  cymes  t e r m i n a l  on t h e  
s t e m s  and b r a n c h e s ;  s t a m i n a t e  c a l y x  w h i t e ,  p e t a l o i d ,  5 - l o b e d ,  t h e  
s t a m e n s  10 ,  t h e  s t a m i n o d a  3 ,  f i l i f o r m ,  t h e  f i l i m e n t s  u n i t e d  i n t o  
a c o l u mn  w i t h  a r i n g  o f  h a i r s  a t  b a s e ,  t h e  a n t h e r s  in w h o r l s  o f  5 ,  
t h e  g l a n d s  u n i t e d  w i t h  t h e  a n d r o p h o r e  j u s t  b e n e a t h  t h e  r i n g  o f  
h a i r s ;  p i s t i l l a t e  c a l y x  w h i t e ,  p e t a l o i d ,  5 - m e r o u s ,  t h e  s e p a l s  
d i s t i n c t ,  c a d u c o u s ,  t h e  o v a r y  3 - c e l  l e d ,  t h e  o v u l e s  s o l i t a r y ,  t h e  
s t y l e s  t h r e e ,  c o n n a t e  b e l o w ,  t w i c e  b i f i d  a b o v e ;  s e e d s  l a r g e  
c a r u n c u l a t e .  C o c h i s e ,  S a n t a  C r u z  and Pima c o u n t i e s ,  A r i z o n a ,
2 3 0 0  t o  4 0 0 0  f e e t ,  r o c k y  s l o p e s .
H o p k i n s  c o m p a r e s  C n i d o s c o l u s  s t i m u l o s u s  and  t e x a n u s  in t h e  
f 0 1 l o w i n g  way;
C n i d o s c o l u s  t e x a n u s  h a s  l a r g e r  f l o w e r s ,  a mor e  h e a v i l y  a r med 
s t a m i n a t e  c a l y x ,  and mo r e  n u me r o u s  s p i n e s  on t h e  s t e m s  and  l e a v e s .
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C n i d o s c o l u s  s t i m u l o s u s  h a s  s m a l l e r  f l o w e r s ,  mor e  n e a r l y  g l a b r a t e  
s t a m i n a t e  c a l y x ,  and  f e w e r  s p i n e s  on t h e  l e a v e s  and s t e m s .
S e v e r a l  o t h e r  me mbe r s  o f  t h e  g e n u s  Cn i d o s c o  I us  a r e  r e c o g n i z e d  
in Me x i c o  a nd  C e n t r a l  and  S o u t h  A m e r i c a .
Th e  b r a z i  I i an  s t i n g i n g  n u t  ( Cn i d o s c o I  u s  n e g I e c t u s  Poh  I . ) ,  
b e c a u s e  o f  i t s  s t i n g i n g  h a i r s  i s  one  o f  t h e  m o s t  p o i s o n o u s  p l a n t s  
k n o wn . 8 ) 9
T h e  c l o s e l y  r e l a t e d  s p e c i e s  Cn i d o s c o I  u s  u r e n s  i s  a l s o  v e r y  
p o i s o n o u s .  T h i s  p l a n t  i s  l i s t e d  by Bl ohm a s  a common p o i s o n o u s  p l a n t  
in V e n e z u e l a , T O  and  i s  d e s c r i b e d  by L u t z  a s  b e i n g  common in P a n a m a .
T h e  d i s t i n c t i o n  b e t w e e n  t h e  g e n e r a  Cn i d o s c o  I us  and  J a t r o p h a  
was  p o o r l y  d e f i n e d  u n t i l ,  in 1 9 4 4 ,  McVaugh s u g g e s t e d  t h e  c u r r e n t l y  
a c c e p t e d  s e p a r a t i o n . T 2  j a t r o p h a  i s  a g e n u s  c o n t a i n i n g  many t r o p i c a l  
p l a n t s ;  e . g . ,  s w e e t  a nd  b i t t e r  c a s s a v a  ( t h e  s o u r c e  o f  t a p i o c a ) ,  a nd  t h e  
Cuba n  P h y s i c  n u t ,  J a t r o p h a  c u r c a s , commonl y u s e d  a s  a p u r g a t i v e  in 
t r o p i c a l  A m e r i c a .
No m e d i c a l  u s e s  o f  C n i d o s c o l u s  t e x a n u s  a r e  r e p o r t e d  in t h e  
l i t e r a t u r e  bu t  C n i d o s c o l u s  s t i m u l o s u s  i s  r e p o r t e d  t o  h a v e  b e e n  u s e d  by 
n a t i v e s  o f  c e n t r a l  and  S o u t h  A m e r i c a  f o r  some t i m e  in t h e  t r e a t m e n t  o f  
p a r a l y s i s ,  r h e u m a t i s m ,  a nd  v a r i o u s  o t h e r  a i l m e n t  s . T 3  s t a n d  l e y  r e p o r t s  
t h a t  t h e  t h i c k  f l e s h y  r o o t s  w e r e  e mp l o y e d  l o c a l l y  f o r  t h e  t r e a t m e n t  
o f  v e n e r e a l  and  o t h e r  d i s e a s e s . H o w e v e r ,  no m e n t i o n  i s  made  o f  t h e  
e f f e c t i v e n e s s  o f  s u c h  t r e a t m e n t .  T h e r e  i s  some q u e s t i o n  a s  t o  t h e  
e x a c t  i d e n t i t y  o f  t h e  p l a n t  o f  S t a n d l e y ' s ^ ^  a n d  R o i g  y M e s a ’ s T^  
s t u d i e s .  I t  i s  l i k e l y  t h a t  t h e  p l a n t  t o  w h i c h  t h e y  r e f e r  i s  p r e s e n t l y  
known a s  C n i d o s c o l u s  u r e n s .
2 0 4  
Ha i r s
T h e  s t e m s  and  l e a v e s  o f  t h e  b u l l  n e t t l e  a r e  c o v e r e d  w i t h  
s t i n g i n g  h a i r s .  The  h a i r s  ( o f  C n i d o s c o l u s  u r e n s ) s how t h e  same s t r u c ­
t u r e  a s  t h o s e  o f  t h e  common n e t t l e .  Th e  p o i s o n  i s  p r o d u c e d  by a c e l l  
o f  t h e  e p i d e r m i s ,  w h i c h  s w e l l s  d u r i n g  g r o w t h ,  f o r m i n g  a g o b l e t - s h a p e d  
b u l b  s e t  i n t o  t h e  s u r r o u n d i n g  t i s s u e .  The  h a i r  i s  a l o n g  t u b e ,  t h e  
w a l l s  o f  w h i c h  h a v e  i n c r u s t a t i o n s  o f  s i l i c i c  a c i d  in t h e  u p p e r  p a r t  
a n d  a r e  c a l c i f i e d  in t h e  l o w e r  p a r t s  s o  t h a t  t h e y  a r e  v e r y  b r i t t l e  and  
b r e a k  a t  t h e  l i g h t e s t  t o u c h .  N e a r  t h e  t o p  o f  t h e  c e l l  i s  a s l i g h t  
e x p a n s i o n  w i t h  v e r y  t h i n  w a l l s  w h i c h ,  when t o u c h e d ,  b r e a k s  in an 
o b l i q u e  d i r e c t i o n ,  f o r m i n g  t h e  p o i n t  o f  a c a n n u l a ,  w h i c h  e n t e r s  
t h e  s k i n .  At  t h e  s ame t i m e  t h e  p o i s o n o u s  l i q u i d  i s  d i s c h a r g e d  i n t o  
t h e  wo u n d .  When in c o n t a c t  w i t h  t h e  s k i n  t h e s e  h a i r s  p r o d u c e  a 
l a s t i n g  a nd  p a i n f u l  i r r i t a t i o n .  In i m m u n o l o g i c a l  t e s t s  a l l  p e r s o n s  
t e s t e d  show s e n s i t i v i t y  t o  t h e  h a i r s  o f  C n i d o s c o l u s  t e x a n u s . 15 
Th e  r e a c t i o n  o f  a t  l e a s t  o n e  i n d i v i d u a l  t o  t h e  h a i r s  o f  
C n i d o s c o l u s  u r e n s  ( J a t r o p h a  u r e n s ) , i s  d e s c r i b e d  by L u t z : ^ ^
. . . t h e  w r i t e r  be c a me  a c q u a i n t e d  w i t h  J a t r o p h a  u r e n s  by u n a v o i d ­
a b l e  c o n t a c t  w i t h  a s i n g l e  s p e c i m e n  o f  t h e  p l a n t .  A l l  a t  o n c e  he 
f e l t  an  i n t e n s e  b u r n i n g  on t h e  l e f t  h a n d ,  w h e r e  a b o u t  10 o f  t h e  
s t i n g i n g  h a i r s  h a d  e n t e r e d  p r e t t y  d e e p  i n t o  t h e  s k i n .  T h e  i n f l a m ­
m a t i o n  p r o d u c e d  by t h i s  t o u c h  was  v e r y  s i m i l a r  t o  t h a t  p r o d u c e d  by 
n e t t l e s ,  b u t  t h e  p a i n  s o o n  i n c r e a s e d ,  t h e  w h o l e  h a nd  b e g a n  t o  
s w e l l  a nd  i n s i d e  o f  h a l f  an h o u r  had a s s u m e d  a m o n s t r o u s  s h a p e .
T h e n  t h e  a r m commenc ed  t o  s w e l l  a l s o ,  t h e  r i g h t  hand  a n d  a r m,  
w i t h o u t  h a v i n g  b e e n  i n o c u l a t e d ,  y e t  s h o we d  t h e  s ame  a b n o r m a l  
s y m p t o m s ,  and  a v e r y  s t r o n g  i t c h i n g  s e n s a t i o n  was  f e l t  a l l  o v e r  
t h e  u p p e r  p a r t  o f  t h e  b o d y .  At  a b o u t  t h e  s a me  t i m e  p a r t s  o f  t h e  
f a c e ,  a r o u n d  t h e  e y e s  and  n o s e ,  s w e l l e d  c o n s i d e r a b l y .  Th e  i t c h i n g  
s e n s a t i o n  r a p i d l y  s p r e a d  o v e r  t h e  abdomen  a n d  t h e  l o w e r  e x t r e m i t i e s  
a n d  r e d  p i m p l e s  a p p e a r e d  e v e r y w h e r e .  In l e s s  t h a n  an  h o u r  t h e  
p o i s o n  h a d  e x t e n d e d  o v e r  t h e  w h o l e  s u r f a c e  o f  t h e  b o d y ,  and i t s
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e n t r a n c e  i n t o  t h e  b l o o d  c u r r e n t  was  i n d i c a t e d  by t h e  c o r r e s ­
p o n d i n g  p h y s i o l o g i c a l  r e a c t i o n  o f  t h e  i n t e r i o r  o r g a n s .
T h e  p a l p i t a t i o n  o f  t h e  h e a r t  be c ame  e x t r e m e l y  a c c e l e r a t e d  and  
t h e  mi nd  was  s o o n  o v e r c o m e  by an a g o n i z i n g  d e p r e s s i o n .  The  
r e s p i r a t i o n  s e e me d  t o  be d e l a y e d  a s  i f  u n d e r  a g r e a t  p r e s s u r e ,  
c o l d  s w e a t  b r o k e  o u t ,  and  t h e  p a t i e n t  g a v e  way a l t o g e t h e r ,  
r e m a i n i n g  u n c o n s c i o u s  f o r  mo r e  t h a n  an h o u r ,  e x c e p t  f o r  f e v e r i s h  
d r e a m s .  A f t e r  c o m i n g  b a c k  t o  h i s  s e n s e s ,  he  had  s e v e r a l  f i t s  o f  
c o p i o u s  v o m i t i n g ,  f r o m w h i c h  i t  may be  s u r m i s e d  t h a t  t h e  p o i s o n  
was  s l o w l y  e l i m i n a t e d  f r o m  t h e  o r g a n i s m .  T h e  w e a k n e s s ,  h o w e v e r ,  
r e m a i n e d  f o r  s e v e r a l  d a y s .
A c a s e  o f  s u c h  e x t r e m e  e f f e c t s  . . . h a s  n e v e r  b e e n  r e c o r d e d ,  
a s  f a r  a s  t h e  l i t e r a t u r e  on t h e  s u b j e c t  s h o w s .  U n d o u b t e d l y  t h e  
i n t e n s i t y  o f  t h e  i n t o x i c a t i o n  was  d u e  t o  t h e  r a t h e r  s t r o n g  
c o n t a c t  w i t h  t h e  p l a n t ,  w h i c h  c a u s e d  a c o n s i d e r a b l e  a mount  o f  
p o i s o n  t o  be  i n t r o d u c e d  i n t o  t h e  b l o o d  c i r c u l a t i o n .
T h e  t o x i c  p r i n c i p l e  o f  t h e  h a i r s  in many t r u e  n e t t l e s  a r e  
a c e t y l c h o l i n e  and  h i s t a m i n e ,  and a t h i r d  s u b s t a n c e  a p p a r e n t l y  o f  l e s s e r  
p h y s i o l o g i c a l  a c t i v i t y  i s  t h o u g h t  t o  be  p r e s e n t . I t  h a s  bee n  s u g g e s t e d  
t h a t  t h e  t o x i c  p r i n c i p l e  o f  Cn i d o s c o I  us  t e x a n u s  h a i r s  i s  f o r m i c  a c i d ,  
b u t  t h i s  s e e m s  u n t e n a b l e  in t h e  f a c e  o f  a v a i l a b l e  e v i d e n c e .
By a n a l o g y  t o  t r u e  n e t t l e s  t h e  t o x i c  p r i n c i p l e s  a r e  mo s t  
l i k e l y  t o  be  a c e t y l c h o l i n e  and h i s t a m i n e .
S e e d s
Th e  s e e d  o f  t h e  b u l l  n e t t l e  ( o f t e n  r e f e r r e d  t o  a s  a n u t )  i s  
e d i b l e  and may h a v e  some p o s s i b i l i t y  a s  a s o u r c e  o f  e d i b l e  o i l s . ^ ^ ’ ^®
I t  i s  e n c l o s e d  in a h u l l  w h i c h  upon  r i p e n i n g  d e h i s c e s  e x p l o s i v e l y ,  
t h r o w i n g  s e e d s  s e v e r a l  f e e t .  Th e  h u l l  i s  c o v e r e d  w i t h  s t i n g i n g  h a i r s .
A n a l y s i s  o f  t h e  p r o t e i n  f r a c t i o n  o f  t h e  s e e d  i n d i c a t e s  t h a t  
i t  c o n t a i n s  a l a r g e  a moun t  o f  h i s t i d i n e . ^ ®
C n i d o s c o l u s  phy11 a c a n t h u s  s e e d s  c o n t a i n  a p r o t e i n  f r a c t i o n  
{3 5 - 3 7 % )  w h i c h  c o n t a i n s  t wo u n i d e n t i f i e d  a mi no  a c i d s . ^ ^
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The  s e e d s  o f  many E u p h o r b i a c e a e  a r e  p o i s o n o u s .  In a t  l e a s t  two
e x a m p l e s  o f  t h i s  t o x i c i t y  i t  i s  b e c a u s e  o f  a t o x i c  p r o t e i n .  T h e  s e e d s
o f  R i c i n u s  commun i s , t h e  C a s t o r  b e a n ,  c o n t a i n  t h e  p h y t o t o x i n  r i c i n .
P u r e  r i c i n  i s  one  o f  t h e  mo s t  t o x i c  c o mp o u n d s  k n o w n . ^0  T h e  s e e d  o f  t h e
b u l l  n e t t l e  s o  c l o s e l y  r e s e m b l e s  t h e  C a s t o r  be a n  i n  p h y s i c a l  a p p e a r a n c e
t h a t  i t  i s  d i f f i c u l t  t o  d i s t i n g u i s h  t h e  t w o .
T h e  s e e d s  o f  J a t r o p h a  c u r c a s  c o n t a i n  t h e  t o x i c  p r o t e i n  c u r e  i n .
T h i s  p r i n c i p l e  h a s  s i m i l a r  e f f e c t s  t o  t h o s e  o f  r i c i n ,  b u t  t h e y  a r e
20some wha t  m i l d e r .  T h i s  p r o t e i n  i s  r e n d e r e d  n o n t o x i c  by r o a s t i n g .
T o x i n s  o f  t h i s  t y p e  mu s t  be  a b s e n t  f r om t h e  s e e d s  o f  Cn i d o s c o I  us  
a s  t h e y  a r e  e d i b l e  and  n o n p o i s o n o u s .
T h e  c o m p o s i t i o n  o f  t h e  f a t t y  a c i d  c o m p o n e n t s  o f  o i l s  f r o m
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s e l e c t e d  E u p h o r b i a c e a e  s p e c i e s  a r e  l i s t e d  in T a b l e  1 .  ’
E u p h o r b i a c e a e  s e e d  o i l s  a r e  l i s t e d  a s  me mb e r s  o f  G r o u p  II by 
H i l d i t c h  ( O l e i c ,  l i n o l e i c ,  l i n o l e n i c  a c i d s  a s  m a i n  c o n s t i t u e n t s ) .
Th e  s e e d  oi  I s  o f  many o f  t h e  E u p h o r b i a c e a e  a r e  u s e d  a s
c a t h a r t i c s .  T h e  o i l  o f  t h e  g e n u s  C r o t o n  i s  a p o w e r f u l  p u r g a t i v e .  On l y
a few d r o p s  o f  t h e  p u r e  oi  I a r e  l e t h a l  t o  a n i ma l  s . 23 T h e  oi  I o f  J a t r o p h a  
c u r c a s  i s  i n t e r m e d i a t e  in p u r g a t i v e  e f f e c t ,  l y i n g  b e t w e e n  t h a t  o f  C r o t o n  
0 i I and C a s t o r  oi 1 . 2 0
A n a l y s e s  o f  t h e  s e e d  oi  I s  o f  C n i d o s c o I  us  t e x a n u s  h a v e  b e e n  
p e r f o r m e d  by M e n a u 1^3 a nd  by C u s h i n g  and  C i r i n o . l ?  M e n a u l ’ s  m a t e r i a l s  
w e r e  c o l l e c t e d  in O k l a h o ma ,  and C u s h i n g ’ s m a t e r i a l  in T e x a s .  As 
C n i d o s c o l u s  s t i m u l o s u s  i s  r e s t r i c t e d  t o  an a r e a  e a s t  o f  t h e  M i s s i s s i p p i ,  
i t  i s  a p p a r e n t  t h e y  b o t h  w o r k e d  w i t h  C n i d o s c o l u s  t e x a n u s .
T a b l e  1
T h e  P e r c e n t a g e  C o m p o s i t i o n  o f  t h e  O i l s  o f  S e l e c t e d  E u p h o r b i a c e a e
C a s t o r  O i 1 
A c i d  ( R i c i n u s  
commun i s )
C e p h a 1o c r o t o n  
c o r d o f a n u s
T u n g  O i 1 
( A l e u r i t e s  
c o r d a t a )
C o n o p h o r  0 1 1 
( T e t r a c a r p  i d i u m  
c o n o p h o r u m )
P h y s  i c N u t  O i 1 
( J a t r o p h a  
c u r c a s )
C r o t o n  0 I 1 
( C r o t o n  
t i q i i u m )
M y r i s t i c
----- ----- ----- 0 . 1 1 1 . 3
P a l m i t i c 3 . 9
----- 4 . 0 1 1 . 9 1 . 3
S t e a r i c  0 . 3 2 . 8 7 . 0  3 . 0  
( P a l m . - s t e a r i c )
5 . 1 0 . 5
O l e i c  8 . 0 9 . 8 ----- 1 3 . 0 6 3 . 4 5 6 . 0
L i n o l e i c  3 , 6 1 7 . 1 19 1 7 . 0 1 8 . 8 2 9 . 0
L i n o l e n i c  ----- ----- ----- 6 3 . 0 ----- — ---
A r a c h i d i c  ----- 0 . 7 ----- ----- 0 . 4 2 . 3
R i c i n o l e i c
( D ( + ) - 1 2 - h y d r o x y -  
o c t a d e c - c  i s - 9 -  8 7 . 8  
e n o i c  a c i d )
----- ----- ------ ----- -----
D i h y d r o x y o 1e i c  ----- 3 . 7 ----- ----- --- — ________
® ^ - E l a e o s t e r i c ( c i s - 9 -  
t r a n s - 1 1 - t r a h s - 1 3  
- t r i e n o i c  a c i d )  ----- 7 4 . 0
t r a c e s  o f  
l o w e r  u n s a t ­
u r a t e d  a c i d s
V e r n o l i c  ( c i s - 1 2 ,
1 3 - e p o x y o c t a d e c -  -----
c i s - 9 - e n o i c  a c i d )




C u s h i n g  a n d  Ci  r i  no  f o u n d  t h e  p e n t a n e  e x t r a c t e d  o i l  c o n t a i n e d  
8 2 . 8 %  u n s a t u r a t e d  a n d  12 . 4% s a t u r a t e d  a c i d s .  T h e s e  v a l u e s  w e r e  d e t e r ­
m i n e d  by a s p e c t r o p h o t o m e t r i c  m e t h o d .
R o o t s
T h e  r o o t  o f  C n i d o s c o l u s  t e x a n u s  i s  a b o u t  f i v e  i n c h e s  i n  
d i a m e t e r  a n d  o f t e n  p e n e t r a t e s  t h e  s o i l  t o  a d e p t h  o f  f i v e  f e e t .  T h o s e  
o f  C n i d o s c o I  u s  s t i m u l o s u s  and a n g u s t  i d e n s  a r e  s ome wha t  smaI  1 e r .
T h e s e  r o o t s  a r e  s i m i l a r  t o  t h o s e  o f  c a s s a v a  in a p p e a r a n c e .  Th e  r o o t s  
o f  C n i d o s c o l u s  t e x a n u s  h a v e  b e e n  s t u d i e d  by R o u s e . 4  Th e y  a r e  
s u c c u l e n t  ( 8 0 . 2 %  w a t e r )  a n d  c o n t a i n  l a r g e  a m o u n t s  o f  c a r b o h y d r a t e s  w h i c h  
c o n s i s t  l a r g e l y  o f  g l u c o s e ,  f r u c t o s e  and  s t a r c h .
T h e r e  h a s  b e e n  o n l y  o n e  p r e v i o u s  r e p o r t  o f  t h e  t o x i c i t y  o f  
C n i d o s c o I  u s  s p e c i e s  ( e x c e p t i n g  t h e  t o x i c i t y  o f  t h e  s t i n g i n g  h a i r s ) ;  
C n i d o s c o l u s  a n g u s t i d e n s  i s  r e p o r t e d  by Pammel  t o  c o n t a i n  a c y a n o g e n e t i c  
c o m p o u n d . 8
T h e  r o o t s  o f  s e v e r a l  o t h e r  E u p h o r b i  a c e a e  a r e  t o x i c .  Th e  r o o t s  
o f  J a t r o p h a  m a n i h o t , c a s s a v a ,  c o n t a i n  a c y a n o g e n e t i c  g l y c o s i d e  and  an 
enz yme  c a p a b l e  o f  l i b e r a t i n g  h y d r o c y a n i c  a c i d . ^ °  ( Mo s t  a u t h o r i t i e s  
now p l a c e  t h i s  p l a n t  in a s e p a r a t e  g e n u s .  A mo r e  c o r r e c t  s c i e n t i f i c  
name i s  M a n i h o t  e s c u l e n t a  C r a n t z . )  T h e  c o n c e n t r a t i o n  o f  t h e  p o i s o n o u s  
p r i n c i p l e  r a n g e s  f r o m 0 . 0 3 - 0 . 0 0 1 %  by w e i g h t , a n d  v a r i e s  g r e a t l y  w i t h  
e n v i r o n m e n t a l  c o n d i t i o n s .  The  c o n c e n t r a t i o n  o f  t h e  g l y c o s i d e  i s  n o t  
t h e  s a me  i n  a l l  p a r t s  o f  t h e  p l a n t ,  t h e  p e e l i n g  o f  t h e  r o o t  c o n t a i n ­
i n g  a b o u t  60% o f  t h e  c o m p o u n d . 25 T h e  r o o t s  become e d i b l e  i f  t h e  s a p  
i s  e x p r e s s e d ,  i n d i c a t i n g  t h e  t o x i c  p r i n c i p l e  i s  c o n t a i n e d  t h e r e i n .  I f  
t h e  r o o t s  a r e  r o a s t e d  t h e  t o x i c  compound  i s  i n a c t i v a t e d . ^ ^
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Th e  t o x i c  p r i n c i p l e  o f  c a s s a v a  h a s  be e n  i d e n t i f i e d  a s  a c e t o n e  
c y a n o h y d r  i n - b e t a - g 1u c o s  i d e . ^ ^  T h i s  compound i s  f o u n d  in t h e  s e e d s  of  
H e y e a  b r a z i  I i e n s  i s  ( t h e  s o u r c e  o f  n a t u r a l  r u b b e r ) ,  a n o t h e r  o f  t h e  
E u p h o r b i  a c e a e . T h e  C a s t o r  be a n  h a s  b e e n  r e p o r t e d  a s  a c y a n o p h o r i c  
s p e c i e s ,  h o w e y e r ,  t h e  s t r u c t u r e  o f  t h e  c y a n o g e n e t i c  p r i n c i p l e  h a s  n o t  
b e e n  e l u c i d a t e d . ®
S y s t e m a t  ic I n v e s t  i g a t i o n  o f  t h e  Ge n u s  C n i d o s c o I  us  
L i t t l e  s y s t e m a t i c  i n v e s t i g a t i o n  o f  t h e  c o n s t i t u e n t s  o f  t h e  
n o n - t o x i c  c o mp o u n d s  o f  t h e  p l a n t s  o f  t h e  E u p h o r b  i a c e a e  h a s  be e n  ma d e .
T h e  r e s i n s  o f  s e v e r a l  s p e c i e s  h a v e  be e n  i n v e s t i g a t e d  and  f o u n d  t o  c o n ­
t a i n  t r i t e r p e n o i d  m a t e r i a l s .  Eu p h o l  ( 1 )  was  f i r s t  i s o l a t e d  by Newbol d  
a n d  S p r i n g  f r om e u p h o r b i a  r e s i n  ( E u p h o r b i a  r e s i n i f e r a ) S i n c e  t h a t  
t i m e  i t  h a s  b e e n  i s o l a t e d  f r o m o t h e r  E u p h o r b i  a s p e c i e s .  Th e  s t r u c t u r e  
d e t e r m i n a t i o n  o f  e u p h o l  i s  d i s c u s s e d  by de  Mayo and  F i e s e r . ^ S ) ® ®
H a i n e s  and W a r r e n  i s o l a t e d  a n o t h e r  t r i t e r p e n o i d ,  t i r u c a l l o l  ( 2 )  
f r o m  t h e  r e s i n  o f  E u p h o r b  i a t  i r u c a  M i . T i r u c a l l o l  was  e s t a b l i s h e d  t o  be 
i d e n t i c a l  in s t r u c t u r e  t o  e u p h o l  e x c e p t  t h a t  i t  i s  t h e  C20  e p i m e r . 3 2  
E u p h o r b o l  ( 3 ) ,  w i t h  3 1  c a r b o n  a t o m s ,  was  a l s o  i s o l a t e d  f r om 
t h e  r e s i n  o f  E u p h o r b i a  r e s i n i f e r a . Th e  s t r u c t u r e  was  shown t o  d i f f e r  
f r o m t i r u c a l l o l  o n l y  in t h e  C2 4  p o s i t i o n . ® ® ) ® ^
A t r i t e r p e n o i d  compound w h i c h  c o n t a i n s  a c y c l o p r o p a n e  r i n g ,  
c y c l o a r t e n o l  ( 4 )  h a s  b e e n  f o u n d  in E u p h o r b i a  h a n d i e n s i s . 3 5 , 3 &
P h y l l a n t h o l  ( 5 )  w h i c h  a l s o  c o n t a i n s  a c y c l o p r o p a n e  r i n g  h a s  
b e e n  i s o l a t e d  f r o m P h y l l a n t h u s  e n g l e r i  r e s i n .  T h i s  compound  i s  h e x a -  
c y c l i c  and  a me mber  o f  t h e  a I p h a - a m y r i  n g r o u p  o f  t r i t e r p e n o i d s . 2 9  I t  
i s  t h e  o n l y  member  o f  t h e  a I p h a - a m y r i n s  known t o  c o n t a i n  a c y c l o p r o p a n e
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r i n g .  T h e  f i n a l  s t r u c t u r e  was  e s t a b l i s h e d  by B a r t o n ,  P a g e ,  a nd  
W a r n h o f f . 3 7
T h e  f l o w e r  wax o f  many s p e c i e s  c o n s i s t s  a l m o s t  e n t i r e l y  o f  
n - a l k a n e s .  The  s u r f a c e  w a x e s  o f  many p l a n t s  a r e  a l s o  l a r g e l y  a l k a n e s ,  
f o r  e x a m p l e  c o m m e r c i a l  ’’C a n d e l i l l a "  wax w h i c h  i s  d e r i v e d  f r o m  F e d i  l a n -  
t h u s  p a r o n i s  ( E u p h o r b i a c e a e ) , c o n s i s t s  o f  o v e r  5 0 ^  a l k a n e  f r a c t i o n s .
T h e  wa x e s  o f  s e v e r a l  s p e c i e s  o f  E u p h o r b i a  h a v e  b e e n  s t u d i e d  by Eng l  i n t o n ,  
b u t  t h e  s p e c i e s  s t u d i e d  s h o we d  l i t t l e  s i m i l a r i t y . ^ ®  V a r i o u s  c o m b i n a ­
t i o n s  o f  odd n u m b e r e d  c a r b o n  c h a i n s  w e r e  o b s e r v e d  r a n g i n g  f r o m  C2 5  
t 0 C g g .
T h i o g l u c o s i d e s  h a v e  b e e n  o b s e r v e d  i n  t h e  l a t e x e s  o f  P u t r a n j I  va 
r u x b u r g h i i  a nd  J a t r o p h a  m u  I t  i f  I d a . 4 0  g I u c o t r o p a e o I  in ( 1 )  was  r e p o r t e d  
by F r e i s e ,  a l t h o u g h  K j a e r  q u e s t i o n s  t h e  i d e n t i f i c a t i o n  o f  t h i s  c o mp o u n d .  
K j a e r  and  F r i i s  f o u n d  P u t r a n j i v a  r o x b u r q h i i  c o n t a i n e d  g I u c o p u t r a n j i v i n  
( 2 ) ,  g l u c o c o c h l e a r i n  ( 3 ) ,  g l u c o j i a p u t i n  ( 4 )  a n d  g l u c o c l e o m i n  ( 5 ) .
N -  0 -  5 0 2 0 “  K*"
R -  C ([
S -  CtHiiOs
( 1 ) R =  -CH2 ~ b e n z y  I
( 2 )  R =  CH3 -ÇH-CH3  2 - p r o p y l
( 3 )  R =  CH3 - CH2 -CH-CH3  2 - b u t y l
( 4 ) R =  CH3 —CH2 —ÇH—CH2 — 2—m e t h y l  b u t y l
CH3
( 5 )  R =  (CH3 CH2 ) ( CH3 ) C ( 0 H) - CH2 -  2 - m e t h y l - 2 - h y d r o x y b u t y  I
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K j a e r  s t a t e s  u n p u b l i s h e d  e v i d e n c e  f r o m h i s  l a b o r a t o r y  i n d i c a t e s  t h e  
o c c u r r e n c e  o f  t h i o g l u c o s i d e s  in t h e  E u p h o r b i  a c e a e  • i s  v e r y  s p o r a d i c .
CHAPTER I 1 
DISCUSSION
V i r t u a l l y  a l l  s p e c i e s  o f  t h e  f a m i l y  E u p h o r b  i a c e a e  a r e  
p o i s o n o u s .  T h e  t o x i c  p r i n c i p l e s  v a r y  in s t r u c t u r e ,  and few h a v e  be e n  
c o m p l e t e l y  c h a r a c t e r i z e d .  Th e  g e n u s  Cn i d o s c o I  u s  i s  u n u s u a l  a s  i t  
c o n t a i n s  t wo s e p a r a t e  s y s t e m s  o f  t o x i c  p r i n c i p l e s ,  t h a t  o f  t h e  s t i n g ­
i ng  h a i r s  and  a c y a n o g e n e t i c  g l y c o s i d e .
T h e  s e e d s  o f  t h e  g e n u s  Cn i d o s c o I  u s , in c o n t r a s t  t o  t h o s e  of  
o t h e r  r e l a t e d  g e n e r a ,  a r e  e d i b l e  a nd  c o n t a i n  an o i l  s i m i l a r  t o  l i n s e e d  
o i l  in compos  i t  i o n .
T h e  p h y t o c h e m i c a l  s t u d y  o f  t h e  g e n u s  Cn i d o s c o I  u s  d e s c r i b e d  
h e r e  was  u n d e r t a k e n  t o  d e t e r m i n e  t h e  s t r u c t u r e  o f  t h e  t o x i c  p r i n c i p l e s  
o f  C n i d o s c o l u s  t e x a n u s , s t i m u l o s u s , and a n g u s t  i d e n s , a n d  t o  c h a r a c t e r ­
i z e  a n y  t e r p e n o i d  and a l k a l o i d  m a t e r i a l s  e n c o u n t e r e d .
T h e  p r e s e n c e  o f  a c y a n o g e n e t i c  g l y c o s i d e  i n  C n i d o x c o l u s  t e x a n u s  
was  f i r s t  s u s p e c t e d  b e c a u s e  o f  t h e  s t r o n g  o d o r  o f  h y d r o c y a n i c  a c i d  f r om 
f r e s h l y  p r o c u r e d  r o o t s .  I t s  p r e s e n c e  was  c o n f i r m e d  by a c o l o r  t e s t  w i t h  
p i c r a t e  i m p r e g n a t e d  p a p e r . ^ 0
A l k a l o i d s  h a v e  be e n  r e p o r t e d  in J a t r o p h a  q o s s i p i  f o l i a  L .  v a r .  
e I e g a n s  Mue I I . The  a l k a l o i d  j a t r o p h i n e  o c c u r s  in s m a l l  q u a n t i t i e s  
( 0 . 0 4 ^  o f  t h e  d r y  w e i g h t . ) ^ !  Th e  a b s e n c e  o f  a l k a l o i d s  in Cn i d o s c o I  us
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t e x a n u s  l e a f  a n d  s t e m  m a t e r i a l  was  e s t a b l i s h e d  by a s e r i e s  o f  s c r e e n i n g
t e s t s . 4 2 ) 4 3
T h e  t o x i c  p r i n c i p l e s  o f  U r t  i c a  ( t r u e  n e t t l e s )  s p e c i e s  a r e  
a c e t y l c h o l i n e  and  h i s t a m i n e ,  and a t h i r d  ( u n i d e n t i f i e d )  s u b s t a n c e  o f  
l e s s e r  a c t i v i t y . T h e  p h y s i o l o g i c a l  a c t i o n s  o f  U r t i c a  and Cn i d o s c o l u s  
s p e c i e s  a r e  s i m i l a r ,  and  by a n a l o g y  t h e  t o x i c  p r i n c i p l e s  a r e  p r o b a b l y  
a c e t y l c h o l i n e  a n d  h i s t i m i n e .
H
(CH]).  N C H g C H g ^ C C H g  i f
C l -  NH2 CH2 CH2 —J L _ _  N
(I) (II)
A c e t y l c h o l i n e  C h l o r i d e  H i s t a m i n e
The  t o x i c  p r i n c i p l e s  o f  t h e  h a i r s  a r e  n o t  r e mo v e d  by s t e e p i n g  
o v e r n i g h t  in w a t e r ,  b u t  a r e  r e mo v e d  by a p r i o r  p e n t a n e  t r e a t m e n t  
f o l l o w e d  by a q u e o u s  e x t r a c t i o n .  Th e  a c t i v i t y  i s  r e d u c e d  by e x t r a c t i o n  
w i t h  m e t h a n o l ,  b u t  i s  n o t  r e d u c e d  by p e n t a n e  o r  e t h e r  e x t r a c t i o n .
T h e  p r e s e n c e  o f  h i s t a m i n e  in C n i d o s c o l u s  t e x a n u s  h a i r s  h a s  
b e e n  c o n f i r m e d  by a c o l o r  t e s t  i n v o l v i n g  d i a z o t i z a t i o n  w i t h  t h e  d i a z o n i u m  
s a l t  o f  s u  I f a n i  l i e  a c i d . 4 4  A q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  h i s t a m i n e  
h a s  n o t  b e e n  ma d e .
Th e  q u a l i t a t i v e  p r e s e n c e  o f  c h o l i n e  in C n i d o s c o l u s  t e x a n u s  
h a i r s  was  e s t a b l i s h e d  by p r e c i p i t a t i o n  a s  t h e  r e i n e c k e  s a l t .  T h i s  
p r o c e d u r e  was  f o l l o w e d  by t h i n  l a y e r  c h r o m a t o g r a p h y  a nd  c o m p a r i s o n  w i t h
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known c h o l i n e . 4 5  A c e t y l c h o l i n e  i s  o r d i n a r i l y  f o u n d  in s m a l l  q u a n t i t i e s  
in t h e  p r e s e n c e  o f  c h o l i n e ;  a l s o  a c e t y l c h o l i n e  may h a v e  b e e n  h y d r o l y z e d  
d u r i n g  t h e  i s o l a t i o n  p r o c e d u r e  ( a s  t h i s  o c c u r r e d  t o  some e x t e n t  w i t h  
known a c e t y l c h o l i n e ) .  T h u s ,  t h e  p r e s e n c e  o f  a c e t y l c h o l i n e  i s  n o t  
r i g o r o u s l y  e s t a b l i s h e d ,  b u t  i s  i n d i c a t e d  by t h e  a b o v e  p r o c e d u r e .
T h e  m e t h a n o l i c  e x t r a c t  o f  C n i d o s c o l u s  t e x a n u s  h a i r s  c o n t a i n s  
f l a v a n o i d  m a t e r i a l s  w i t h  a b s o r p t i o n s  in t h e  u l t r a v i o l e t  s p e c t r u m  a t  
31 5  and  2 8 5  mp.  P r e l i m i n a r y  t e s t s  i n d i c a t e  t h e s e  c o mp o u n d s  h a v e  
l i t t l e  p h y s i o l o g i c a l  a c t i v i t y  ( u n d e r  c o n d i t i o n s  s i m i l a r  t o  t h o s e  w h e r e  
t h e  h a i r s  a r e  a c t i v e ) .  S p e c t r a l  i n f o r m a t i o n  and  v a r i o u s  c o l o r  t e s t s  
i n d i c a t e  t h e  c o m p o u n d s  a r e  p r o b a b l y  f l a v a n o l s  o r  f l a v o n e s . ^ ^
T h e  s e e d  o i l s  o f  C n i d o s c o I  u s  t e x a n u s  a r e  e d i b l e  and  h a v e  a 
p l e a s a n t  f l a v o r .  Bo t h  t h e  s e e d  and  i t s  o i l  a r e  n o n t o x i c  a n d  n o n ­
c a t h a r t i c . 4 ?  T h e  s e e d s  o f  Cn i d o s c o I  u s  s t i m u l o s u s  a r e  much smaI  1e r  t h a n  
t h o s e  o f  Cn i d o s c o I  us  t e x a n u s  b u t  a r e  a l s o  e d i b l e .
T h e  s e e d s  o f  Cn i d o s c o I  u s  t e x a n u s  and  s t i m u l o s u s  w e r e  e x t r a c t e d  
w i t h  p e n t a n e .  T h e  o i l  r e mo v e d  in t h i s  m a n n e r  was  l i g h t  y e l l o w  and 
d a r k e n e d  s l i g h t l y  upon  s t a n d i n g .  Cn i d o s c o I  u s  t e x a n u s  s e e d s  c o n t a i n  
18% o i l ;  t h o s e  o f  s t i m u l o s u s  31%.
Th e  o i l  was  t r a n s e s t e r i f I e d  in a m a n n e r  known t o  i n d u c e  l i t t l e  
i s o m e r i z a t i o n . 4 8  T h e  m e t h y l  e s t e r s  o f  t h e  g l y c o s i d e  f a t t y  a c i d s  w e r e  
d e t e r m i n e d  g a s  c h r o m a t o g r a p h i c a I l y ,  and  i d e n t i f i e d  by p e a k  e n h a n c e m e n t  
t e c h n i q u e s  and  r e l a t i v e  r e t e n t i o n  t i m e s .  A l l  c o m p o n e n t s  o f  Cn i d o s c o  I us  
t e x a n u s  o i I w e r e  i d e n t  i f  i e d ,  b u t  in C n i d o s c o I  us  s t  i m u I o s u s  o i l ,  a smaI  I 
amo u n t  ( 1 . 3%)  o f  an u n i d e n t i f i e d  e s t e r  was  o b s e r v e d ,  a s  a s h o u l d e r  o f
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t h e  m e t h y l  pa  I m i t a t e  p e a k .  The  d a t a  f o r  t h e  c o m p o s i t i o n  o f  t h e  s e e d  
o i l s  i s  t a b u l a t e d  b e l o w . *  The  s e e d  o i l s  o f  Cn i d o s c o I  us  t e x a n u s  and
T a b l e  2
P e r c e n t a g e  C o m p o s i t i o n  o f  F a t t y  A c i d s  o f  C n i d o s c o l u s  S e e d  O i l s
Ac i d C n i d o s c o 1 us  
t e x a n u s
Cn i d o s c o 1 us  
s t i m u l o s u s
S a t u r a t e d
P a l m i t i c 1 0 . 0 12 . 3 b
S t e a r i c 3 . 0 2 . 8
L a u r i c t r a c e ^ 0 . 0
Myr i s t i c t r a c e ^ 0 . 2
U n s a t u r a t e d
L i n o l e i c 7 1 . 0 6 4 . 8
O l e i c 1 5 . 5 1 8 . 9
L i n o l e n i c 0 . 5 t  r a c e ^
^ ( 0 . 0 5 - 0 .  I / o )
^One unknown c o m p o n e n t  i s  p r e s e n t  in s m a l l  a m o u n t s  ( 1 . 3 ^ ) .
s t i m u l o s u s  f a l l  in t h e  same c a t e g o r y  ( Gr oup  I I )  o f  H i l d i t c h s  c l a s s  i f i -
22c a t i o n  s c h e me  a s  do o t h e r  E u p h o r b i a c e a e .
Th e  t o x i c  p r i n c i p l e  o f  C n i d o s c o l u s  t e x a n u s  r o o t s  was  i s o l a t e d  
by c u t t i n g  t h e  r o o t s  i n t o  s m a l l  p i e c e s ,  f o l l o w e d  by e x t r a c t i o n  w i t h
The  D a t a  f o r  C n i d o s c o l u s  t e x a n u s  s e e d  o i l  h a s  b e e n  p u b l i s h e d :  
D.  S .  S e i g l e r  a n d  J .  J .  B l o o m f i e l d ,  P h y t o c h e m i s t r y , 6 ,  451 ( 1 9 6 7 ) .
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e t h y l  a c e t a t e .  Upon c o n c e n t r a t i o n  a nd  s u b s e q u e n t  wor k u p  t h e  g l y c o s i d e  
was  i s o l a t e d  a s  a p a r t i a l l y  c r y s t a l l i z e d  s y r u p  ( 0 . 0 2 %  y i e l d ) .  T h i s  
p e r c e n t a g e  c o r r e s p o n d s  r a t h e r  c l o s e l y  t o  t h a t  o b s e r v e d  in r a c e s  o f  
c a s s a v a  t h a t  a r e  c o n s i d e r e d  q u i t e  t o x i c .  T h i s  s y r u p  was  e s t a b l i s h e d  
t o  be a p u r e  compound by t h i n  l a y e r  c h r o m a t o g r a p h y .  Th e  nmr s p e c t r u m  
o f  t h e  compound in d e u t e r i u m  o x i d e  showe d  a s h a r p  s i n g l e t  a t  1 . 6 2  & 
( a c e t o n e  c y a n o h y d r i n  1 . 6 2 % )  a nd  c o m p l e x  m u l t i p l e t  f r o m 3 . 3 - 3 . 8  la 
a nd  a s h a r p  s i n g l e t  a t  4 . 6 1 fi (HDD).
T h e  g l y c o s i d e  i s  r e a d i l y  h y d r o l y z e d  by b a s e ,  b u t  s l o w l y  
h y d r o l y z e d  by a c i d .  A s a m p l e  o f  t h e  g l y c o s i d e  was  h y d r o l y z e d  u n d e r  
b a s i c  c o n d i t i o n s  f o r  one  h o u r  a nd  t h e  nmr  s p e c t r u m  was d e t e r m i n e d .
T h e  s i n g l e t  a t  1 . 6 2  6 d e c r e a s e d  a nd  a s i n g l e t  a p p e a r e d  a t  2 . 1 7  S 
( a c e t o n e  2 . 1 7 S  ) .
A s a m p l e  o f  t h e  g l y c o s i d e  was  h y d r o l y z e d  w i t h  d i l u t e  b a s e  
and  made  n e u t r a l .  The  2 , 4 - d i n i t r o p h e n y I h y d r a z o n e  was  p r e p a r e d  and  
s h o w n ,  by c o m p a r i s o n ,  t o  be i d e n t i c a l  w i t h  a c e t o n e  2 , 4 - d i n i t r o p h e n y I -  
h y d r a z o n e .
A n o t h e r  s a m p l e  was  h y d r o l y z e d  w i t h  d i l u t e  a c i d  and  t h e  s u g a r  
was  shown t o  be g l u c o s e .
T h e  g l y c o s i d e  was  i d e n t i f i e d  by i t s  h y d r o l y s i s  p r o d u c t s ,  s p e c t r a ,  




A s y s t e m a t i c  i n v e s t i g a t i o n  o f  t h e  p h y t o c h e m i s t r y  o f  t h e  g e n u s  
Cn i d o s c o  I us  i s  c u r r e n t l y  in p r o g r e s s .  Gr o u n d  a i r - d r i e d  l e a f  and  s t e m  
m a t e r i a l s  f r o m Cn i d o s c o I  us  t e x a n u s  and s t i m u l o s u s  w e r e  e x t r a c t e d  w i t h  a 
s e r i e s  o f  s o l v e n t s  o f  i n c r e a s i n g  p o l a r i t y .  Th e  c o n c e n t r a t e d  f r a c t i o n s  
f r o m t h i s  p r o c e d u r e  w e r e  t h e n  c h r o m a t o g r a p h e d  t o  s e p a r a t e  p i g m e n t s  and 
g l y c e r i d e s  f r o m t e r p e n e s  and  o t h e r  m a t e r i a l s  o f  i n t e r e s t  t o  t h i s  s t u d y .  
Th e  f r a c t i o n s  o b t a i n e d  by t h i s  p r o c e d u r e  a r e  f u r t h e r  c h r o m a t o g r a p h e d  t o  
s e p a r a t e  t h e  i n d i v i d u a l  c o m p o n e n t s .
T h i s  wo r k  i s  l a r g e l y  i n  t h e  p r e l i m i n a r y  s t a g e s  and few 
f r a c t i o n s  h a v e  a c t u a l l y  b e e n  t r e a t e d  i n  t h i s  m a n n e r .
T h e  nmr  s p e c t r a ,  i n f r a r e d  s p e c t r a ,  m e l t i n g  p o i n t s ,  s o l u b i l i t i e s ,  
a n a l y s e s ,  and o t h e r  p r o p e r t i e s  o f  t h e  c o mp o u n d s  i s o l a t e d  t h u s  f a r ,  i n d i ­
c a t e  t h e s e  c o mp o u n d s  a r e  t r i t e r p e n o i d  in n a t u r e .  T h e s e  a r e  l i k e l y  
s i m i l a r  t o  t h e  t y p e  c o mp o u n d s  i s o l a t e d  f r o m o t h e r  E u p h o r b i  a c e a e  ( s e e  
i n t r o d u c t i o n  s e c t i o n ) .
B e t a - a m v r i n  ( 4 )  and  b e t a - a mv r v I  a c e t a t e  w e r e  i s o l a t e d  f r o m 
c h r o m a t o g r a p h e d  f r a c t i o n s  o f  t h e  f i r s t  p e n t a n e  e x t r a c t i o n s ,  ( C T L S - I - A ,  
a l p h a g  a nd  a l p h a ®  r e s p e c t i v e l y . )
HO
b e t a - a m v r i  n ( 4 )
T h e s e  c o mpounds  w e r e  i d e n t i f i e d  by c o m p a r i s o n  o f  t h e i r  p h y s i c a l  
p r o p e r t i e s  and s p e c t r a  w i t h  known b e t a - a mv r i  n and  b e t a - amv r v I  a c e t a t e .
2 1 9
B e t a - a m y r y I  a c e t a t e  was  p r e p a r e d  f r o m  b e t a - a m y r i n  by t r e a t m e n t  w i t h  
a c e t  ic a n h y d r i d e .
CHAPTER I I I
CONCLUSIONS
T h e  p h y t o c h e m i s t r y  o f  t h e  g e n u s  C n I d o s c o 1 u s  a p p e a r s  t o  be 
s i m i l a r  in many r e s p e c t s  t o  t h a t  o f  o t h e r  g e n e r a  o f  t h e  E u p h o r b i  a c e a e . 
The  s t i n g i n g  h a i r s  a r e  a l m o s t  u n i q u e  in t h e  f a m i l y ,  ( e x c e p t  f o r  t h e  
g e n u s  T r a g i  a ) , w h e r e a s  t h e  p r e s e n c e  o f  a c y a n o g e n e t i c  g l y c o s i d e  i s  
f o u n d  in s e v e r a l  r e l a t e d  g e n e r a .  The  s t r u c t u r e  o f  t h e  g l y c o s i d e  i s  
shown t o  be  a c e t o n e  c y a n o h y d r i n - b e t a - g I u c o s i d e .
The  s e e d  o i l  i s  a f a s t  d r y i n g  o i l  s i m i l a r  t o  t h a t  o f  a f ew 
o t h e r  E u p h o r b i a c e a e , bu t  d o e s  n o t  c o n t a i n  a n y  u n u s u a l  a c i d s ,  a s  
v e r n o l i c  o r  r i c i n o l e i c ,  w h i c h  a r e  f o u n d  in o t h e r  r e l a t e d  g e n e r a .  The  
s e e d s  o f  t h e  g e n u s  Cn i d o s c o 1 us  a r e  n o n t o x i c  and  e d i b l e .
T h e  p r i n c i p a l  c o m p o n e n t s  o f  t h e  d r i e d  l e a v e s  a nd  s t e m s  a p p e a r  
t o  be  t r i t e r p e n o i d  in n a t u r e ,  l i k e l y  s i m i l a r  t o  t h o s e  i s o l a t e d  f r o m 




A l l  m e l t i n g  p o i n t s  a r e  u n c o r r e c t e d .  O p t i c a l  r o t a t i o n s  w e r e  
o b t a i n e d  w i t h  a G a e r t n e r  L - 3 2 0  p o l a r i m e t e r .  T h i n  l a y e r  c h r o m a t o g r a m s  
w e r e  o b t a i n e d  on g l a s s  p l a t e s  (5 x 20 cm) c o a t e d  w i t h  a 0 . 2 5  mm l a y e r  
o f  s i l i c a  ge l  H ( E.  Mer ck  AG D a r m s t a d t ) ,  e x c e p t  w h e r e  n o t e d  o t h e r w i s e .  
I o d i n e  v a p o r  was  u s e d  t o  v i s u a l i z e  t h e  p l a t e s .
Col umn c h r o m a t o g r a p h i e s  w e r e  p e r f o r m e d  u t i l i z i n g  e i t h e r  100 
mesh  s i l i c i c  a c i d  (Ma I I i n c k r o d t  C h e m i c a l  Company)  o r  1 0 0 - 2 0 0  me s h  
F l o r i s i l  ( F l o r i d i n  Company)  u n l e s s  n o t e d  o t h e r w i s e .
He x a n e  and b e n z e n e  w e r e  d i s t i l l e d  b e f o r e  u s e  i n  c h r o m a t o g r a p h i c  
s e p a r a t  i o n s .
E l e m e n t a l  a n a l y s e s  w e r e  c o n d u c t e d  by A.  B e r n h a r d t ,  M i c r o a n a I y t i c a I  
L a b o r a t o r i e s ,  Mu l h e i m ( Ru h r )  G e r ma n y .
Nmr s p e c t r a  w e r e  o b t a i n e d  w i t h  a V a r i a n  A - 6 0  i n s t r u m e n t  w i t h  
t e t r a m e t h y I s i  l a n e  a s  i n t e r n a l  s t a n d a r d .  C h e m i c a l  s h i f t s  a r e  r e p o r t e d  
in S - v a l u e s  ( p . p . m .  f r o m TMS ) .
I n f r a r e d  s p e c t r a  w e r e  r e c o r d e d  on a Beckman I R- 8  s p e c t r o p h o t o ­
m e t e r .  Mass  s p e c t r a  w e r e  r u n  by c o u r t e s y  o f  Mo n s a n t o  Company,  S t .  L o u i s ,  
M i s s o u r i .
C n i d o s c o l u s  s t i m u l o s u s  m a t e r i a l  was  c o l l e c t e d  t h e  l a s t  wee k
221
222
o f  A u g u s t ,  1 9 6 6 ,  t e n  m i l e s  w e s t  o f  B o g a l u s a ,  L o u i s i a n a ,  in W a s h i n g t o n  
P a r i s h .  T h e s e  p l a n t s  w e r e  c o l l e c t e d  on t h e  g r o u n d s  o f  t h e  L o u i s i a n a  
S t a t e  U n i v e r s i t y ,  S c h o o l  o f  F o r e s t r y  and on l a n d  o f  Crown Z e l l e r b a c h  
C o r p o r a t i o n  in t h e  v i c i n i t y .  S e e d s ,  l e a f  and  s t e m  m a t e r i a l  and r o o t s  
w e r e  c o l l e c t e d .
C n i d o s c o l u s  t e x a n u s  m a t e r i a l  h a s  b e e n  c o l l e c t e d  on s e v e r a l  
o c c a s i o n s  in f i e l d s  on t h e  s o u t h - w e s t  o u t s k i r t s  o f  No r ma n ,  C l e v e l a n d  
C o u n t y ,  O k l a h o m a ,  w h e r e  i t  g r ows  a b u n d a n t l y .
C n i d o s c o l u s  a n g u s t i d e n s  m a t e r i a l  was  c o l l e c t e d  t h e  f i r s t  week 
o f  J u n e ,  1 9 6 7 ,  n e a r  Ruby ,  A r i v a c a ,  and P a t a g o n i a ,  S a n t a  C r u z  C o u n t y ,  , 
A r i z o n a ,  on t h e  g r o u n d s  o f  t h e  C o r o n a d o  N a t i o n a l  F o r e s t .  S e e d  m a t e r i a l  
was  n o t  a v a i l a b l e  a t  t h e  t i m e  o f  c o l l e c t i o n .
S p e c i m e n s  o f  Cn i d o s c o I  us  a n g u s t  i d e n s  a n d  s t i m u l o s u s  h a v e  be e n  
d e p o s i t e d  in t h e  Bebb H e r b a r i u m  o f  t h e  U n i v e r s i t y  o f  O k l a h o m a .
T e s t s  f o r  A l k a l o i d s  on C n i d o s c o l u s  t e x a n u s  M a t e r i a l
T e s t s  f o r  a l k a l o i d s  w e r e  p e r f o r m e d  by t h e  p r o c e d u r e  o f  Lu ' n i ng 
and t h a t  o f  A b i s c h  a n d  R e i c h s t e i n . 4 2  The  r e s u l t s  o f  t h e s e  t e s t s  a r e  
s u m m a r i z e d  in t h e  t a b l e s  b e l o w .  No a l k a l o i d s  w e r e  f o u n d  in any 
C n i d o s c o l u s  t e x a n u s  m a t e r i a l .  A l l  t h e  r e a g e n t s  g a v e  a p o s i t i v e  t e s t  
w i t h  a d i l u t e  s o l u t i o n  o f  b r u c i n e .  D i r e c t i o n s  f o r  p r e p a r i n g  t h e  
n e c e s s a r y  r e a g e n t s  a n d  t h e  d e t a i l s  o f  t h e  p r o c e d u r e  a r e  f o u n d  in P a e c h  
a n d  T r a c e y . 4 9
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T a b l e  3
Summary o f  A l k a l o i d  T e s t s  on C n I d o s c o I  us  t e x a n u s  M a t e r i a l
T e s t R e s u l t  o f  T e s t
M a y e r ’ s  T e s t N e g a t  i ve
S i 1 i c o t u n g s t  i c A c i d N e g a t i v e
H a g e r ’ s  T e s t N e g a t  i ve
S o n n e n s c h e i n ’ s  T e s t N e g a t  i ve
W a g n e r ’ s  T e s t N e g a t  i ve
I s o l a t i o n  o f  t h e  S e e d  Oi
S e e d s  o f  C n i d o s c o l u s  t e x a n u s  ( M u e l l .  A r g . )  S m a l l  ( 2 5 0  g) w e r e  
g r o u n d  w i t h  a b l e n d o r ,  c o v e r e d  w i t h  p e n t a n e  and  a l l o w e d  t o  s t a n d  s e v e r a l  
h o u r s .  T h e  p e n t a n e  s o l u t i o n  was  t h e n  f i l t e r e d  t h r o u g h  a bed o f  d i -  
a t o m a c e o u s  e a r t h .  T h i s  p r o c e d u r e  wa s  r e p e a t e d  t h r e e  t i m e s ,  t h e  s o l u ­
t i o n s  w e r e  c o m b i n e d  a n d  t h e  p e n t a n e  wa s  r e mo v e d  by d i s t i l l a t i o n .  The  
p r o d u c t ,  a l i g h t  y e l l o w ,  s l i g h t l y  v i s c o u s  o i l ,  d a r k e n e d  upon  e x p o s u r e  
t o  a i r  ( 45  g ,  18%) .
S e e d s  o f  C n i d o s c o l u s  s t i m u l o s u s  ( M i c h x . )  Gr a y  ( 7 4 . 2  g)  w e r e  
e x t r a c t e d  i n  t h e  s ame m a n n e r  t o  y i e l d  a y e l l o w  o i l  ( 2 2 . 7  g ,  3 1 % ) .
T r a n s e s t e r i  f i c a t i o n  o f  Oi I G l y c e r i d e s
T h e  s e e d  oi  I s  f r om b o t h  Cn i d o s c o I  u s  t e x a n u s  and s t i m u l o s u s
w e r e  t r a n s e s t e r i f i e d  u s i n g  a m e t h o d  s i m i l a r  t o  t h a t  o f  H a l l e r  a n d  
a q
Y o u s s o u f i  a n .
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D é t e r m i n â t i o n  o f  t h e  Me t h y I  E s t e r s  
o f  t h e  G I y c e r I  de  F a t t y  Ac i ds  
Th e  m e t h y l  e s t e r s  w e r e  d e t e r m i n e d ,  in e t h e r  s o l u t i o n  u s i n g  a 
M i c r o T e k  GC- 1600  g a s  c h r o m a t o g r a p h  f i t t e d  w i t h  a t e n  f o o t ,  l / s  i n c h ,  
s t a i n l e s s  s t e e l  c o l u m n ,  p a c k e d  w i t h  20% Ca r b o wa x  20M on An a k r o m ABS a t  
1 7 0 ° ,  t h r o u g h  a f l a m e  i o n i z a t i o n  d e t e c t o r .  Th e  p e a k s  w e r e  i d e n t i f i e d  
by p e a k  e n h a n c e m e n t  t e c h n i q u e s ,  u s i n g  known s a m p l e s  o f  e s t e r s ,  and  by 
r e l a t i v e  r e t e n t i o n  t i m e s .  A p r i o r  d e t e r m i n a t i o n  i n d i c a t e d  no v o l a t i l e  
c o m p o n e n t s  w e r e  p r e s e n t  in t h e  o r i g i n a l  o i l .
Q u a n t  i t a t  i ve  D e t e r m i  n a t  i on o f  t h e  F a t t y  Ac i ds  
T h e  p e r c e n t a g e  o f  e a c h  c o m p o n e n t  was  e v a l u a t e d  by m u l t i p l y i n g  
t h e  h e i g h t  by t h e  w i d t h  a t  h a l f  h e i g h t . ^ 0  T h e  e r r o r  was  e s t i m a t e d  t o  
be  + 0 .5 % . In t h e  oi  I o f  Cn i d o s c o I  us  t e x a n u s , a I I e s t e r s  p r e s e n t  in 
g r e a t e r  t h a n  t r a c e  a m o u n t s  w e r e  i d e n t i f i e d ,  b u t  in C n i d o s c o l u s  s t i m u ­
l o s u s  a s m a l l  a moun t  ( 1 . 3 ^ )  o f  an u n i d e n t i f i e d  e s t e r  was o b s e r v e d  a s  
a s h o u l d e r  o f  t h e  p a l m i t i c  a c i d  p e a k .  ( S e e  T a b l e  4 . )
I s o l â t  i on o f  A c e t o n e  C y a n h o h y d r i  n - b e t a - q I u c o s i  de 
f r o m Cn i d o s c o I  us  t e x a n u s  R o o t s  
S i x  f r e s h l y  dug  r o o t s  ( 10  kg)  w e r e  c h o p p e d  and  b o i l e d  20 
m i n u t e s  w i t h  e t h y l  a c e t a t e .  The  t o t a l  v o l u me  o f  s o l u t i o n  was  t w e n t y  
l i t e r s .  T h i s  s o l u t i o n  g a v e  a p o s i t i v e  t e s t  f o r  h y d r o c y a n i c  a c i d  w i t h  
t h e  p i c r i c  a c i d  t e s t ,  when h e a t e d  w i t h  a c e t i c  a c i d . 20 Th e  s o l u t i o n  
was  d r i e d  o v e r  a n h y d r o u s  m a g n e s i u m  s u l f a t e  and t h e n  f i l t e r e d .  The  
e t h y l  a c e t a t e  s o l u t i o n  was  c o n c e n t r a t e d  t o  a v o l u m e  o f  2 0 0  ml u n d e r
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vacuum on a r o t a r y  e v a p o r a t o r  w i t h  h o t  w a t e r  ( 6 0 - 7 0 ® ) .  Th e  p r e c i p i t a t e  
g a v e  a s t r o n g  h y d r o c y a n i c  a c i d  t e s t  w i t h  d i l u t e  s o d i u m  h y d r o x i d e  bu t  
a weak t e s t  w i t h  a c e t i c  a c i d .  The  s u p e r n a t a n t  l i q u i d  g a v e  o n l y  a f a i n t  
p o s i t i v e  h y d r o c y a n i c  a c i d  t e s t .
T a b l e  4
P e r c e n t a g e  C o m p o s i t i o n  o f  t h e  F a t t y  A c i d  C o m p o n e n t s  o f  C n i d o s c o I  us
S e e d  O i l s .
Ac i d C n i d o s c o 1 us  
t e x a n u s
Cn i d o s c o 1 us  
s t i m u l o s u s
S a t u r a t e d
P a l m i t i c 1 0 . 0 1 2 . 3 b
S t e a r i c 3 . 0 2 . 8
L a u r i c t r a c e ® 0 . 0
M y r 1 s t i c t r a c e ^ 0 . 2
U n s a t u r a t e d
L i n o l e i c 7 1 . 0 6 4 . 8
O l e i c 1 5 . 5 1 8 . 9
L i n o l e n i c 0 . 5 t r a c e ^
3 ( 0 . 0 5 - 0 . 1 # )
bOne unknown c o m p o n e n t  i s  p r e s e n t  in s m a l l  a m o u n t s  ( 1 . 3 # ) .
The  h y d r o c y a n i c  a c i d  t e s t  I s  d one  in t h e  f o l l o w i n g  m a n n e r .
F i l t e r  p a p e r  s t r i p s  a r e  d i p p e d  in an  a q u e o u s  s o l u t i o n  c o n t a i n i n g  5 #  
s o d i u m  c a r b o n a t e  and 0 . 5 #  p i c r i c  a c i d ,  and  a l m o s t  a l l o w e d  t o  d r y .  
They  a r e  s u s p e n d e d  o v e r  a s a m p l e  t o  w h i c h  h a s  be e n  a d d e d  a f ew d r o p s
o f  c h l o r o f o r m  o r  d i l u t e  a c e t i c  a c i d ,  and  t h e n  i n c u b a t e d  a t  3 0 - 3 5 ® .
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A p o s i t i v e  t e s t  i s  i n d i c a t e d  by a c o l o r  c h a n g e  f r o m  y e l l o w  t o  r e d  o r  
m a r o o n .
T h e  r o o t s  o f  Cn i d o s c o I  us  s t i m u l o s u s  and a n g u s t  i d e n s  a l s o  
g i v e  a p o s i t i v e  t e s t  f o r  h y d r o c y a n i c  a c i d ,  b u t  t h e  g l y c o s i d e  was  n o t  
i s o l a t e d  f r o m t h e s e  s p e c i e s .  T h i n  l a y e r  c h r o m a t o g r a p h y  ( on  0 . 2 5  mm 
s i l i c i c  a c i d )  o f  t h e  p r e c i p i t a t e  d i s s o l v e d  i n  e t h y l  a c e t a t e  s howe d  f i v e  
c o m p o n e n t s  w e r e  p r e s e n t ,  w i t h  Rf  v a l u e s  a )  0 . 0 ,  b) 0 . 2 2 ,  c )  0 . 4 4 ,  
d) 0 . 5 5  a n d  e)  0 . 7 2 .  A m i x t u r e  o f  j i - p r o p a n o l ,  w a t e r ,  and  e t h a n o l  
( 7 : 2 : 1 )  was  u s e d  a s  t h e  e l u a n t ,  and t h e  p l a t e  was  d e v e l o p e d  in an 
i o d i n e  t a n k .
T h e  s l u r r y  p r o d u c e d  by c o n c e n t r a t i o n  o f  t h e  e t h y l  a c e t a t e  
s o l u t i o n  was  e v a p o r a t e d  t o  a t h i c k  s y r u p  ( w i t h  c o n d i t i o n s  a s  a b o v e )  
a nd  t r e a t e d  w i t h  d i s t i l l e d  w a t e r  ( 2 0 0  m l ) .  T h i s  m i x t u r e  was  f  i I t e r e d  
a n d  t h e  f i l t r a t e  a g a i n  c o n c e n t r a t e d  t o  a t h i c k  s y r u p .  The  r e s i d u e  
g a v e  an i n t e n s e  t e s t  f o r  h y d r o c y c a n i c  a c i d .  T h i n  l a y e r  c h r o m a t o g r a p h y  
c a r r i e d  o u t  a s  a b o v e  s howed  s i x  c o m p o n e n t s  w i t h  Rf  v a l u e s :  a )  0 . 0 ,
b) 0 . 1 5 ,  c )  0 . 4 4 ,  d) 0 . 5 6 ,  e)  0 . 6 4  and  f )  0 . 7 2 .  Th e  t h i n  l a y e r  p l a t e s  
( a f t e r  t h e y  had  be e n  d e v e l o p e d  w i t h  i o d i n e )  w e r e  s p r a y e d  w i t h  s o d i u m  
h y d r o x i d e  s o l u t i o n  ( 1 0 ^ )  u n t i l  damp.  The  p l a t e s  w e r e  f i r s t  c o v e r e d  w i t h  
a w i r e  g a u z e ,  t h e n  a s t r i p  o f  f i l t e r  p a p e r  i m p r e g n a t e d  w i t h  s o d i u m  
p i c r a t e  s o l u t i o n ,  and  f i n a l l y  c o v e r e d  w i t h  a g l a s s  p l a t e .  When i n c u ­
b a t e d  a t  60°  f o r  t e n  m i n u t e s ,  a p o s i t i v e  t e s t  f o r  h y d r o c y a n i c  a c i d  was  
o b s e r v e d ,  w h i c h  c o r r e s p o n d e d  t o  t h e  c o m p o n e n t  w i t h  t h e  Rf  v a l u e  o f  0 . 7 2 .
T h e  s y r u p  ( a p p r o x i m a t e l y  10 g)  f r o m t h e  a q u e o u s  s o l u t i o n  was  
c h r o m a t o g r a p h e d  on a s i l i c a  g e l  c o l u mn  ( 2 5 0  g)  w i t h  9 5 ^  e t h a n o l .  Ten  
f r a c t i o n s  o f  f i f t y  ml w e r e  c o l l e c t e d .  The  g l y c o s i d e  was  r e a d i l y  e l u t e d
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f r o m  t h e  c o l u m n  ( F r a c t i o n s  4  a n d  5 )  a nd  a l l  o t h e r  f r a c t i o n s  c o n t a i n e d  
o n l y  t r a c e s  o f  u n i d e n t i f i e d  m a t e r i a l s .  A f t e r  c o n c e n t r a t i o n  u n d e r  
va c u u m and  s t a n d i n g  s e v e r a l  d a y s  t h e  p a r t i a l l y  c r y s t a l l i z e d  g l y c o s i d e  
w e i g h e d  2 . 4  g ,  ( 0 . 0 2 % ) .  T h i n  l a y e r  c h r o m a t o g r a p h y  s h o we d  t h i s  p a r t i a l l y  
c r y s t a l l i z e d  s y r u p  t o  c o n s i s t  o f  one  c o m p o n e n t  w i t h  an  Rf  v a l u e  o f  
0 . 7 2 .  C r y s t a l l i z a t i o n  was  f a c i l i t a t e d  by d i s s o l v i n g  t h e  s a m p l e  in 
a s m a l l  a mo u n t  o f  a l c o h o l ,  a d d i n g  b e n z e n e  a n d  t h e n  d i s t i l l i n g  o f f  mo s t  
o f  t h e  l i q u i d  p h a s e  u n d e r  v a c u u m.  R e c r y s t a l l i z a t i o n  f r o m  a b s o l u t e  
e t h a n o l  y i e l d e d  y e l l o w  c r y s t a l s ,  m . p . 1 3 6 . 5 - 1 3 8 ®  ( l i t . ^ ^  m . p .  1 4 0 - 1 4 1 ° ) .
A s m a l l  s a m p l e  r e c r y s t a l l i z e d  f r o m t e t r a h y d r o f u r a n - e t h e r  had  m . p .
1 4 1 - 1 4 2 ° .
T h e  o p t i c a l  r o t a t i o n  o f  t h e  g l y c o s i d e  ( m . p .  1 3 6 . 5 - 1 3 8 °  ) was  
d e t e r m i n e d  in 95% e t h a n o l  / ~ < X _ 7 d^  = - 3 4 . 8 °  (on 19 mg m a t e r i a l ) ,  ( l i t . ^ ^
- 2 9 . 0 6 ° ) .
The infrared spectrum showed absorptions at 3 0 0 0 - 2 9 0 0  cm“  ̂
(carbon-hydrogen ) 3 4 0 0 - 3 1 0 0  cm~^ (hydroxyl) and 2 2 1 5  cm“ V (nitrile).
O t h e r  b r o a d  a b s o r p t i o n s  w e r e  l o c a t e d  a t  1 7 0 0 - 1 6 0 0  cm~^ a n d  1 4 5 0 - 1 0 0 0  
c m- T .  T h e  nmr  s p e c t r u m  o f  t h e  g l y c o s i d e  wa s  r u n  i n  d e u t e r i u m  o x i d e ,  
a n d  t h e  v a l u e s  r e p o r t e d  a r e  r e l a t i v e  t o  HDO a t  4 . 6 1 S  . A s i n g l e t  
o b s e r v e d  a t  1 . 6 2 S was  a t t r i b u t e d  t o  t h e  a c e t o n e  m e t h y l  g r o u p s  ( a c e t o n e  
c y a n o h y d r i n  1 . 6 2 8  5 3 ) ,  ^  b r o a d  new m u l t i p l e t  was  o b s e r v e d  a t  3 . 3 -  
3 . 8 S w h i c h  c o r r e s p o n d s  in c h e m i c a l  s h i f t  t o  t h e  p r o t o n s  o f  g l u c o s e .
P e a k s  o f  e t h a n o l  a nd  a s m a l l  amo u n t  o f  i m p u r i t y  ( 1 . 7 0  S  ) w e r e  a l s o  
o b s e r v e d  in t h e  s p e c t r u m .
228
H y d r o  l y s i s  o f  A c e t o n e  C y a n o h y d r i  n - b e t a - g I u c o s  i de 
A s a m p l e  o f  t h e  g l y c o s i d e  d i s s o l y e d  in d e u t e r i u m  o x i d e  in an 
nmr t u b e  was  t r e a t e d  w i t h  t wo d r o p s  o f  5% h y d r o c h l o r i c  a c i d .  A f t e r  
h e a t i n g  a t  5 0 °  f o r  o n e  h o u r  t h e  nmr  s p e c t r u m  was  u n c h a n g e d .  T h e  s o l u ­
t i o n  wa s  n e u t r a l i z e d ,  and  t wo d r o p s  o f  5% s o d i u m  h y d r o x i d e  w e r e  a d d e d .  
A f t e r  one  h o u r ,  t h e  a m p l i t u d e  o f  t h e  s i n g l e t  a t  1 . 6 2  S was  d e c r e a s e d  
and a n o t h e r  s i n g l e t  a p p e a r e d  a t  2 . 1 7  €  ( a c e t o n e  2 . 1 7  S )
D é t e r m i n â t i on  o f  S u g a r  o f  G I y c o s  i de  
C r u d e  g l y c o s i d e  ( lOmg)  was  h e a t e d  f o r  2 4  h o u r s  w i t h  3% h y d r o ­
c h l o r i c  a c i d  s o l u t i o n  (5 m l ) .  The  s o l u t i o n  was  t h e n  p a s s e d  o v e r  a 
b a s i c  i on  e x c h a n g e  r e s i n ,  and  e l u t e d  w i t h  w a t e r  ( 50  m l ) .  The  r e s u l t i n g  
s o l u t i o n  was  c o n c e n t r a t e d  and t h e  r e s i d u e  t a k e n  up in w a t e r  ( 3 x 5  m l ) .  
T h i s  s o l u t i o n  was  c o n c e n t r a t e d  in a c o n i c a l  f l a s k  a nd  t a k e n  up in 
w a t e r  (1 m l ) .
Th e  s o l u t i o n  was  t h i n  l a y e r  c h r o m a t o g r a p h e d  on s i l i c i c  a c i d  
w i t h  n ^ - p r o p a n o l ,  e t h y l  a c e t a t e ,  a nd  w a t e r  ( 7 : 2 : 1 )  and  t h e  s u g a r  was 
shown by c o m p a r i s o n  t o  be i d e n t i c a l  w i t h  g l u c o s e .
2 , 4 - D  i n i t r o p h e n y I h y d r a z o n e  o f  K e t o n e  f r o m A q I y c o n e  
A s m a l l  s a m p l e  o f  t h e  g l y c o s i d e  ( a p p r o x i m a t e l y  5 0  mg) was  
a l l o w e d  t o  s t a n d  w i t h  5 d r o p s  o f  1 0 ^  s o d i u m  h y d r o x i d e  s o l u t i o n  f o r  one  
h o u r  a n d  t h e n  was  n e u t r a l i z e d .  T h e  2 , 4 - d i n i t r o p h e n y I h y d r a z o n e  d e r i v a ­
t i v e  was  p r e p a r e d  u s i n g  S h i n e ’ s r e a g e n t . ^ 4  A f t e r  r e c r y s t a l l i z a t i o n  
f r om e t h a n o l  t h e  r e d - y e l l o w  c r y s t a l s  had m . p .  1 2 0 - 1 2 3 °  ( l i t .  1 2 5 ° ) .
T h i n  l a y e r  c h r o m a t o g r a p h y  o f  t h e  d e r i v a t i v e  on s i l i c a  ge l  w i t h  e t h y l
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a c e t a t e  s howed  i t  t o  be i d e n t i c a l  w i t h  known a c e t o n e  2 , 4 - d i n i t r o p h e n y I -  
h y d r a z o n e .
Ha i r s
A q u e o u s  E x t r a c t i o n  o f  Cn i d o s c o I  us  t e x a n u s  H a i r s  
S i e v e d  Cn i d o s c o  I us  t  e x a n u s  h a i r s  w e r e  s t e e p e d  in w a t e r  ( 2 0 0  ml )  
a t  r oom t e m p e r a t u r e  f o r  t w e n t y - f o u r  h o u r s .  Th e  e x t r a c t  was  r e mo v e d  by 
f i l t r a t i o n ,  and  t h e  h a i r s  w e r e  a i r  d r i e d .  Th e  d r i e d  h a i r s  r e t a i n e d  
t h e i r  p h y s i o l o g i c a l  a c t i v i t y .  B u l l  n e t t l e  h a i r s  w e r e  i n c u b a t e d  o v e r ­
n i g h t  in w a t e r  a t  5 0 ° .  The  a c t i v i t y  was  n o t  r e d u c e d .  T h i s  t r e a t m e n t  
was  f o l l o w e d  by e x t r a c t i o n  w i t h  p e n t a n e  f o r  t w e l v e  h o u r s ,  w i t h o u t  
s u b s e q u e n t  l o s s  o f  a c t i v i t y .  A f t e r  t h i s  t r e a t m e n t ,  t h e  h a i r s  w e r e  
a g a i n  i n c u b a t e d  f o r  t w e l v e  h o u r s .  A s u b s t a n t i a l  d e c r e a s e  in a c t i v i t y  
was  o b s e r v e d .
D e t e r m i n a t i o n  o f  P h y s i o l o g i c a l  A c t i v i t y  
o f  Cn i d o s c o I  us  t e x a n u s  H a i r s  
S e v e r a l  h a i r s  w e r e  c h o s e n  r a n d o m l y  f r o m t h e  e x t r a c t e d  ma s s  and 
f r o m a i r  d r i e d  m a t e r i a l .  T h e n  t h e  f o r e a r m  o f  t h e  a u t h o r  was  p r i c k e d  
s l i g h t l y  w i t h  s e v e r a l  h a i r s  f r o m e a c h  g r o u p .  The  h a i r s  p r o d u c e d  a 
s l i g h t  i r r i t a t i o n  and  s w e l l i n g  in t h e  i m m e d i a t e  a r e a  o f  t h e  i n j e c t i o n  in 
e a c h  c a s e .
E x t r a c t i o n  o f  C n i d o s c o I  u s  t e x a n u s  H a i r s  w i t h  a 
S e r i e s  o f  S o l v e n t s  o f  I n c r e a s i n g  P o l a r i t y  
T h e  h a i r s  o f  Cn i d o s c o I  u s  t e x a n u s  f r om t h e  a b o v e  a q u e o u s  e x t r a c t i o n  
w e r e  p l a c e d  in a S o x h l e t  e x t r a c t o r  and e x t r a c t e d  w i t h  a s e r i e s  o f  s o l v e n t s
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in o r d e r o f  i n c r e a s  i n g  p o l a r i t y . T h e  d a t a  f o r t h i s  e x t r a c t i o n  i s
t a b u l a t e d be 1ow.
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D a t a  f o r  E x t r a c t  i on o f  Cn i d o s c o 1 us t e x a n u s  H a i r s
F r a c t  i on So 1 v e n t We i gh t
P h y s  i o l o g i c a l  
A c t i v i t y  
a t  End o f  
E x t r a c t  i on
CTH-I W a t e r --- P o s  i t i v e
CTH- 1 1 P e n t a n e 0 . 5 1 P o s  i t i v e
CTH- 1 1 E t h e r 0 . 0 4 P o s i t i v e  ( ? )
C T H - 11 A c e t o n e 0 . 1 1 N e g a t i v e  ( ? )
C T H - 11 M e t h a n o 1 0 . 8 7 N e g a t  i ve
T e s t  f o r  P r e s e n c e  o f  Hi s t a m i  ne  i n  M e t h a n o I  E x t r a c t  
Th e  m e t h a n o l i c  e x t r a c t  (1 ml )  was  m i x e d  w i t h  w a t e r  (1 m l ) .  To 
t h e  a q u e o u s  m e t h a n o l i c  s o l u t i o n  was  a d d e d  s a t u r a t e d  s o d i u m  c a r b o n a t e  
s o l u t i o n  (1 ml )  and  a s o l u t i o n  o f  s o d i u m  n i t r i t e  (1 ml )  and  s u l f a n i l i c  
a c i d  (1 ml ) Th e  s o l u t i o n s  w e r e  p r e p a r e d  by a d d i n g  s u l f a n i l i c  a c i d  
( 0 . 9  g)  t o  w a t e r  ( 100  ml )  w h i c h  c o n t a i n e d  c o n c e n t r a t e d  h y d r o c h l o r i c  
a c i d  ( 9  m l ) ;  a n d  by a d d i n g  s o d i u m  n i t r i t e  ( 7  g)  t o  w a t e r ,  ( 1 0 0  m l ) ,
Th e  s u l f a n i l i c  a c i d  s o l u t i o n  (1 ml )  and  s o d i u m  n i t r i t e  s o l u t i o n  (1 ml )  
w e r e  m i x e d  and  a l l o w e d  t o  s t a n d  b r i e f l y  b e f o r e  a d d i t i o n  t o  t h e  b a s i c  
s o l u t i o n .  T h e  t e s t  s o l u t i o n  g a ve  a s t r o n g  p o s i t i v e  t e s t  ( a  d e e p  c h e r r y  
r e d  c o l o r )  f o r  h i s t a m i n e .  T h i s  t e s t  i s  p o s i t i v e  o n l y  f o r  h i s t a m i n e  and
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h i s t i d i n e .  I t  i s  u n l i k e l y  t h a t  f r e e  h i s t i d i n e  i s  p r e s e n t  in l a r g e  
q u a n t i t i e s  in t h e  p l a n t  m a t e r i a l .
T e s t  f o r  P r e s e n c e  o f  C h o l i n e  i n M e t h a n o I i  c E x t r a c t ^ ^
Th e  a q u e o u s  m e t h a n o l i e  s o l u t i o n  was  a d j u s t e d  t o  pH 10 w i t h  
d i l u t e  s o d i u m  b i c a r b o n a t e  s o l u t i o n .  To  t h i s  s o l u t i o n  was  a d d e d  4% 
ammoni um r e i n e c k a t e  s o l u t i o n  ( 2  ml )  and  t h e  m i x t u r e  was  a l l o w e d  t o  s t a n d  
in t h e  c o l d .  Th e  p r e c i p i t a t e  f o r m e d  was  r e mo v e d  by c e n t r i f u g a t i o n ,  a nd  
w a s h e d  t h r e e  t i m e s  w i t h  j i - p r o p y l  a l c o h o l  ( 2  m l ) .  The  l i q u o r  was  r e mo v e d  
e a c h  t i m e  w i t h  a p i p e t t e .  The  p r e c i p i t a t e  was  d i s s o l v e d  in a c e t o n e  
(2 ml )  a n d  c e n t r i f u g e d  t o  r e mo v e  i n s o l u b l e  m a t e r i a l s .  Th e  s o l u t i o n  
was  d e c a n t e d .
Th i n L a y e r  C h r o m a t o g r a p h y  o f  A c e t o n e  S o l u t i o n  
Th e  s o l u t i o n  was  f o u n d  t o  c o n t a i n  c h o l i n e  r e i n e c k a t e  by t h i n  
l a y e r  c h r o m a t o g r a p h y . The  s o l u t i o n  was  c o m p a r e d  t o  a s o l u t i o n  o f  known 
a c e t y l c h o l i n e  r e i n e c k a t e  w h i c h  s howe d  t wo  s p o t s ,  t h e  s e c o n d  ( w i t h  
s m a l l e r  Rf  v a l u e )  c o r r e s p o n d i n g  t o  c h o l i n e  r e i n e c k a t e .  The  s o l u t i o n s  
w e r e  c h r o m a t o g r a p h e d  on g l a s s  p l a t e s  (5 x 20 cm) c o a t e d  w i t h  a 0 . 2 5  mm 
l a y e r  o f  M N - c e l l u l o s e  p o wd e r  w i t h  a p p r o x i m a t e l y  10 ^  c a l c i u m  s u l f a t e  
( M a c h e r e y ,  Na g e l  & Company,  DuVe n ) .  The  m a t e r i a l s  w e r e  s p o t t e d  and  
0 . 1  N s i l v e r  n i t r a t e  s o l u t i o n  (1 d r o p )  was  a d d e d  t o  f r e e  t h e  c h o l i n e  
and  a c e t y l c h o l i n e  f r o m t h e  c o m p l e x .  The  p l a t e s  w e r e  e l u t e d  w i t h  a 
m i x t u r e  o f  c h l o r o f o r m  { 7 5 %) ,  m e t h a n o l  { 22%) ,  and w a t e r  { 3%) .  The  
p l a t e s  w e r e  v i s u a l i z e d  w i t h  i o d i n e  v a p o r .  In e a c h  c a s e  a y e l l o w  s p o t  
o f  s i l v e r  i o d i d e  was  o b s e r v e d  a t  t h e  o r i g i n .
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T e s t s  I nd i c a t  i nq P r e s e n c e  o f  F Ia v a n o  i d Co mp o n e n t s
i n Ha i r s  o f  Cn i d o s c o I  us  t  e x a n u s  
A m e t h a n o l i e  e x t r a c t  o f  Cn i d o s c o I  us  t  e x a n u s  ha i r s  was shown
t o  c o n t a i n  f i a v a n o i d  m a t e r i a l s  by t h e  f o l l o w i n g  t e s t s .
T a b l e  6
T e s t s  f o r  F l a v a n o i d  M a t e r i a l s  in C n i d o s c o l u s  t e x a n u s  H a i r s
T e s t
R e s u l t  o f  
T e s t
St  r u c t u r e  
1nd i c a t e d
C o n c e n t r a t e d  h y d r o c h l o r i c  
a c i d  and m a g n e s i u m
C o l o r  c h a n g e  f r o m y e l l o w  t o  
r e d - o r a n g e
F l a v o n e  o r  
f 1a v o n o 1
L e a d  a c e t a t e Y e l l o w  p r e c  i p i t a t e F 1 a v o n e s
C o n e ,  s u l f u r i c  a c i d 1 n t e n s e  ye  11ow 
CO 1o r a t  i on
F I a v o n e
F e r r i c  C h l o r i d e  s o l u t i o n No c o l o r  p r o d u c e d  
( s 1 i g h t  brown 
d i SCO 1o r a t  i o n )
Th i n L a y e r  C h r o m a t o g r a p h y  o f  Me t h a n o I  i c E x t r a c t  
o f  Cn i d o s c o I  us  t e x a n u s  Hai  r s  
The  m e t h a n o l  i c  e x t r a c t  (5 ml )  was t r e a t e d  w i t h  e x c e s s  s o d i u m  
c a r b o n a t e ,  s o l i d s  w e r e  r e move d  by f i l t r a t i o n  a nd  t h e  s o l u t i o n  was  t h e n  
r e a c i d i f i e d .  T h i s  s o l u t i o n  was  c o m p a r e d  t o  t h e  u n t r e a t e d  s o l u t i o n  by 
t h i n  l a y e r  c h r o m a t o g r a p h y .  The  s o l u t i o n  was  shown t o  be u n c h a n g e d  by 
t h e  a b o v e  t r e a t m e n t .
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T h i n  l a y e r  c h r o m a t o g r a p h i e s  w e r e  p e r f o r m e d  on g l a s s  p l a t e s  
(5 X 20  cm) c o a t e d  w i t h  a 0 . 2 5  mm l a y e r  o f  P o l y a m i d e  s u p p o r t .  The  
p l a t e s  w e r e  e l u t e d  w i t h  a m i x t u r e  o f  5 0 ^  n i t r o m e t h a n e  in m e t h a n o l ,  a nd  
w e r e  v i s u a l i z e d  w i t h  a s o l u t i o n  o f  a l u m i n u m  c h l o r i d e  in m e t h a n o l  
s p r a y  u n d e r  u l t r a v i o l e t  l i g h t .  Th e  m e t h a n o l  i c  s o l u t i o n  c o n t a i n e d  f o u r  
c o m p o n e n t s  ( b a s e d  on n u mb e r  o f  s p o t s ) ,  w i t h  a p p r o x i m a t e  Rf  v a l u e s  o f  
0 . 8 ,  0 . 5 ,  0 . 2 ,  a n d  0 . 1 .
U I t r a v  i o l e t  S p e c t r a  o f  M e t h a n o I i  c S o l u t i o n  
T h e  u l t r a v i o l e t  s p e c t r a  w e r e  m e a s u r e d  on a Beckman DK-1 
r e c o r d i n g  s p e c t r o p h o t o m e t e r .
T a b l e  7
D a t a  f o r  U l t r a v i o l e t  S p e c t r a  o f  C n i d o s c o I  us  t e x a n u s  H a i r  E x t r a c t
S o l u t i o n ma x . (mjl)
M e t h a n o 1 i c e x t r a c t 2 8 5 , 3 1 5 , s h o u 1d e r 225
M e t h a n o l i c  e x t r a c t ,  made  b a s i c  t h e n  
r e a c  i d i f  i ed 2 8 5 , 3 1 5 , s h o u 1d e r 225
M e t h a n o l i c  e x t r a c t  +  2  d r o p s
a l u m i n u m  c h l o r i d e  s o l u t i o n 3 0 7 , 2 8 0 , s h o u 1d e r 225
M e t h a n o l  i c  e x t r a c t  +  1 d r o p  0 . 2 5 M 
s o d i u m  m e t h o x i d e  s o l u t i o n 3 7 0 , 2 8 0 , s h o u 1d e r 235
M e t h a n o l i c  e x t r a c t  +  p i n c h  a n h y d r o u s  
s o d i u m  a c e t a t e 3 1 5 , 285
2 3 4
T e s t s  I nd i c a t  i n g  P r e s e n c e  o f  F I a v a n o  i d C o m p o n e n t s  
i n Cn i d o s c o I  u s  t e x a n u s  F I o w e r s  
In t h e  p r e s e n c e  o f  ammoni a  f u m e s ,  C n i d o s c o l u s  t e x a n u s  f l o w e r s  
i m m e d i a t e l y  c h a n g e  f r o m a w h i t e  t o  a y e l l o w  c o l o r . A n  e t h a n o l i c  
s o l u t i o n  was  t r e a t e d  w i t h  m a g n e s i u m  and  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .  
A c o l o r  c h a n g e  f r o m  y e l l o w  t o  o r a n g e  r e d  was  o b s e r v e d .  T h i s  t e s t  i s  
i n d i c a t i v e  o f  t h e  p r e s e n c e  o f  a f l a v o n e  o r  f l a v o n o l . ^ ^  T h e  e t h a n o l i c  
e x t r a c t  s h o we d  a b s o r p t i o n s  a t  3 1 5 ,  2 6 7 ,  a nd  a s h o u l d e r  a t  295  mp.
S y s t e m a t  i c I n v e s t  i g a t  i on o f  L e a v e s  a n d  S t e m s  
D r i e d  C n i d o s c o l u s  t e x a n u s  l e a v e s  and  s t e m s  ( 1 4 6 5 . 7  g)  w e r e  
g r o u n d  in a W a r i n g  b l e n d o r .  T h i s  p l a n t  m a t e r i a l  was  p l a c e d  in a m o d i ­
f i e d  C i e r e s z k o  t y p e  e x t r a c t o r . ^ ^  Th e  m a t e r i a l  was  e x t r a c t e d  w i t h  s o l ­
v e n t s  in i n c r e a s i n g  o r d e r  o f  p o l a r i t y .  ( S e e  T a b l e  8 . )
Most  o f  t h e  wo r k  d e s c r i b e d  in t h i s  s e c t i o n  i s  s t i l l  i n t h e  
p r e l i m i n a r y  s t a g e  o f  i n v e s t i g a t i o n .  Th e  c o m p o s i t i o n  o f  m o s t  e x t r a c t s  
i s  n o t  known .
T h e  s o l v e n t  was  r e mo v e d  f r o m  a l l  f r a c t i o n s  u n d e r  v a c u u m,  t h e  
c o n c e n t r a t e  p l a c e d  in a t a r e d  b o t t l e  and  s t o r e d  a t  - 5 ° .
E x t r a c t  i on o f  C n i d o s c o I  us  s t i m u l o s u s  L e a v e s  and  S t e m s  
D r i e d  C n i d o s c o l u s  s t i m u l o s u s  l e a v e s  a n d  s t e m s  ( 1 4 8 2 . 0  g) w e r e  
g r o u n d  in a b l e n d o r  and e x t r a c t e d  i n  t h e  s ame m a n n e r  a s  t h e  Cn i d o s c o I  us  
t e x a n u s  m a t e r i a l s  d e s c r i b e d  a b o v e .  A f t e r  e x t r a c t i o n ,  t h e  c r u d e  
e x t r a c t s  w e r e  c o n c e n t r a t e d  and s t o r e d  a s  t h e  Cn i d o s c o I  us  t e x a n u s  
m a t e r i a l .  ( S e e  T a b l e  9 . )
2 3 5  
T a b  I e 8
C r u d e  F r a c t i o n s  f r o m E x t r a c t i o n  o f  Cn i d o s c o I  u s  t e x a n u s  
L e a f  and  S t e m  M a t e r i  a I
E x t r a c t
CTLS - I - A
B
C
C T L S - I I - A  
B
So I v e n t  
P e n t a n e
B e n z e n e
Grams
2 0 .0
1 5 . 6
10.0
















A c e t o n e 1 0 . 4
1 5 . 7
4 . 1








Me t h a n o I 2 5 . 5  
2 8 . 0
120.6
2 9 . 6  
5 . 7
C r u d e  F r a c t  i o n s
2 36  
T a b l e  9
f r om E x t r a c t i o n  o f  C n i d o s c o l u s  
L e a f  and  S t e m  M a t e r  i a 1
s t i m u l o s u s
E x t r a c t So 1 v e n t Grams
CS L S - I - A P e n t a n e 1 0 0 . 0
B 2 6 . 0
C 7 . 8
C S L S - 11-A B e n z e n e 1 2 . 3
8 3 . 7
C 4 . 0
C S L S - 1 1 1-A E t h e r 1 . 3
B 1 3 . 5
C 1 . 6
C S L S -1V-A A c e t o n e 8 . 3
B 8 . 8
C 17 . 1
D 1 1 . 4
E 1 1 . 4
CSLS-V-A M e t h a n o 1 1 0 0 . 7
B 6 3 . 5
2 3 7
C h r o m a t o g r a p h y  o f  F r a c t  i on CTLS- 1-A 
T h e  c o n c e n t r a t e d  e x t r a c t  o f  f r a c t i o n  C T L S -I -A  ( 2 0 . Og) was 
d i s s o l v e d  in h e x a n e  and  p l a c e d  on a c o l u mn  c o n t a i n i n g  one  p o u n d  o f  
F l o r i s i l  s u p p o r t ,  w h i c h  was  p a c k e d  in a h e x a n e  s l u r r y .  F r a c t i o n s  o f  
100 mI w e r e  co I I e c t e d .
T a b l e  10
C h r o m a t o g r a p h y  o f  F r a c t i o n  C T L S -I -A
F r a c t  i ons So 1 v e n t We i gh t
(g)
1 - 3 0 H e x a n e 3 . 9 3
3 1 - 4 2 1 0 ^  B e n z e n e  in h e x a n e 1 . 6 8
4 3 - 4 9 2 5 ^  B e n z e n e  in h e x a n e —
5 0 - 6 5 B e n z e n e 6 . 7 2
6 6 - 8 0 bits E t h y l  a c e t a t e  i n  b e n z e n e 3 . 3 9
8 1 - 9 9 E t h y l  a c e t a t e 1 . 9 5
1 0 0 -1 1 1 1 0 ^  M e t h a n o l  in e t h y l  a c e t a t e . 2 7
1 1 2 - 1 2 5 M e t h a n o 1 2 . 1 8
T h e  t o t a l  m a t e r i a l  r e c o v e r e d  f r o m t h e  c o l u mn  was  2 0 . 0  g .  
T h i n  l a y e r  c h r o m a t o g r a p h i c  s e p a r a t i o n s  ( on  s i l i c i c  a c i d )  o f  
t h e  f r a c t i o n s  f r o m t h e  c h r o m a t o g r a p h y  o f  C T L S -I -A  w e r e  ma d e .  ( S e e  
T a b l e  1 1 . )
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T a b l e  11
T h i n  L a y e r  C h r o m a t o g r a p h y  o f  C h r o m a t o g r a p h i c  F r a c t i o n s
o f CTLS-- l - A
F r a c t  i on s E l u a n t
Compos i t i o n  
( B a s e d  on n u mb e r  o f  s p o t s )
6 - 1 2 B e n z e n e 1 m a j o r  c o m p o n e n t  and 1 t r a c e  
c o m p o n e n t
1 3 - 4 4 B e n z e n e 2 m a j o r  c o m p o n e n t s ,  1 t r a c e  
c o m p o n e n t  ( 1 4 - 2 8 )
4 5 - 5 1 B e n z e n e 2 m a j o r ,  3  t r a c e  c o m p o n e n t s
5 2 - 5 6 B e n z e n e 2 m a j o r ,  1 - 3  t r a c e  c o m p o n e n t s
5 7 - 6 2 B e n z e n e 2 m a j o r  c o m p o n e n t s
6 3 - 7 3 5 0 : 5 0  B e n z e n e  
e t h y l  a c e t a t e
4 m a j o r ,  1 t r a c e  ( 7 0 - 7 3 )  c o m p o n e n t s
7 4 - 8 4 5 0 : 5 0  B e n z e n e 3 m a j o r ,  2  t r a c e  c o m p o n e n t s
e t h y l  a c e t a t e 1 m a j o r  c o m p o n e n t  ( 7 4 - 7 6 )
8 5 - 9 2 5 0 : 5 0  B e n z e n e  
e t h y l  a c e t a t e
5 m a j o r ,  2  t r a c e  c o m p o n e n t s
9 3 - 1 0 6 5 0 : 5 0  B e n z e n e  
e t h y l  a c e t a t e
2 m a j o r  c o m p o n e n t s
1 0 7 - 1 1 9 5 0 : 5 0  B e n z e n e  
e t h y l  a c e t a t e
1 m a j o r  c o m p o n e n t  
l a r g e  s p o t  a t  o r i g i n
2 3 9
Rf  v a l u e s  w e r e  n o t  c a l c u l a t e d  b e c a u s e  o f  t h e  l a r g e  n u mb e r s  o f  
f r a c t i o n s  and  t h e  n e c e s s i t y  o f  f u r t h e r  c h r o m a t o g r a p h i c  s e p a r a t i o n s  t o  
s i m p l i f y  t h e  c o m p l e x  m i x t u r e s  o b t a i n e d .
C h r o m a t o g r a p h y  o f  F r a c t  i on C TLS-1-B 
T h i s  f r a c t i o n  ( 1 5 . 6  g) was  c h r o m a t o g r a p h e d  on a F l o r i s i l  co l umn  
(1 p o u n d )  in t h e  sam e m a n n e r  a s  f r a c t i o n  C T L S - I -A .  The  m a t e r i a l  
r e c o v e r e d  f r o m  t h e  c o l u mn  w e i g h e d  1 3 . 6  g .
T a b l e  12
C h r o m a t o g r a p h y  o f  F r a c t i o n  C T L S -I -B
F r a c t i o n s So 1 v e n t We i gh t
(g)
1 - 9 2 H e x a n e  t o  b e n z e n e —
9 3 - 1 5 0 B e n z e n e 4 . 2 1
1 5 1 - 1 6 8 5% E t h y l  a c e t a t e  in b e n z e n e 1 . 81
1 6 9 - 1 9 9 2 5 ^  E t h y l  a c e t a t e  in b e n z e n e 2 . 1 8
2 0 0 - 2 3 0 5 0 ^  E t h y l  a c e t a t e  i n  b e n z e n e . 8 3
2 3 1 - 2 5 3 E t h y l  a c e t a t e . 3 2
2 5 4 - 2 8 5 10% M e t h a n o l  in e t h y l  a c e t a t e . 5 8
2 8 6 - 3 0 9 M e t h a n o 1 3 .7 1
T h i n  l a y e r  c h r o m a t o g r a p h i e s  w e r e  p e r f o r m e d  in a m a n n e r  s i m i l a r  
t o  t h o s e  o f  C T L S - I -A .
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T a b l e  13
T h i n  L a y e r  C h r o m a t o g r a p h y  o f  C h r o m a t o g r a p h i c  F r a c t i o n s
o f  C T L S -I -B
F r a c t I o n s
Compos i t i o n
E l u a n t  ( Ba s e d  on n u mb e r  o f  s p o t s )
9 3 - 1 4 2 Benzene  1 m a j o r ,  5 m i n o r  c o m p o n e n t s
1 4 5 - 1 7 6 B e n z e n e  1 m a j o r ,  1 m i n o r  c o m p o n e n t
1 9 1 - 2 1 7 5 0 : 5 0  E t h y l  a c e t a t e
b e n z e n e  1 m a j o r  c o m p o n e n t
C h r o m a t o g r a p h y  o f  F r a c t i o n  C T L S -I-C
F r a c t i o n  C T L S -I -C  ( 1 0 . 0  g)  was  c h r o m a t o g r a p h e d  on a c o l umn
p a c k e d  w i t h  FI o r i s  i l  ( 3 5 0  g)  in a m a n n e r  s i m i l a r t o  C T L S - I -A .  T he
f r a c t  i ons  c o 11 e c t e d  in t h i s  c h r o m a t o g r a p h y  had a
T a b l e  14
VO 1 ume o f  2 0 0  m l .
C h r o m a t o g r a p h y  o f  F r a c t i o n  CTLS-- I - C
F r a c t  i ons So 1 v e n t We i g h t
(g)
1 - 2 7 H e x a n e - b e n z e n e -
2 8 - 5 0 B e n z e n e 2 . 0 4
5 1 - 6 6 10^  E t h y l  a c e t a t e  in b e n z e n e 1 . 2 9
6 7 - 7 9 37% E t h y l  a c e t a t e  in b e n z e n e . 7 8
8 0 - 9 9 E t h y l  a c e t a t e . 8 7
1 0 0 -1 0 5 10^  Me t h a n o l  in e t h y l  a c e t a t e . 2 5
1 0 6 - 1 2 3 20% Me t h a n o l  in e t h y l  a c e t a t e . 6 7
1 2 4 - 1 2 9 5 0 ^  Me t h a n o l  in e t h y l  a c e t a t e 1 . 1 0
1 3 0 - 1 3 2 M e t h a n o 1 2 . 1 9
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T h e  q u a n t i t y  o f  m a t e r i a l  r e c o v e r e d  f r o m  t h e  c o l u mn  was
9 . 1 9  g .
T h i n  l a y e r  c h r o m a t o g r a p h i c  s e p a r a t i o n s  w e r e  p e r f o r m e d  in a 
m a n n e r  s i m i l a r  t o  t h o s e  o f  C T L S -I -A .
T a b l e  15
T h i n  L a y e r  C h r o m a t o g r a p h i c  S e p a r a t i o n  o f  C h r o m a t o g r a p h y  
F r a c t i o n s  o f  C T L S -I -C
F r a c t  i ons E l u a n t Compos i t i o n  
( B a s e d  on Number  o f  S p o t s )
2 8 - 3 8 4 0 ^  H e x a n e  i n  b e n z e n e 5 m a j o r  c o m p o n e n t s
3 9 - 4 3 40% He x a n e  in b e n z e n e 2 m a j o r ,  1 t r a c e  c o m p o n e n t s  
( 3 9 - 4 0 )
4 4 - 5 3 B e n z e n e 4 m a j o r  c o m p o n e n t s
5 4 - 5 8 B e n z e n e 2 m a j o r  c o m p o n e n t s
5 9 - 7 4 50% E t h y 1 a c e t a t e  
in b e n z e n e
2 m a j o r  c o m p o n e n t s ,  s t r e a k i n g  
f r o m o r i g i n  ( 7 0 - 7 4 )
7 5 - 7 9 50% E t h y l  a c e t a t e  
in b e n z e n e
3 m a j o r  c o m p o n e n t s
9 0 - 1 0 5 E t h y l  a c e t a t e 1 m a j o r  c o m p o n e n t ,  2  t r a c e  
c o m p o n e n t s  ( 1 0 3 - 1 0 4 )
1 0 6 -1 2 1 E t h y l  a c e t a t e 3 m a j o r  c o m p o n e n t s
C h r o m a t o g r a p h y  o f  F r a c t  i on C S L S -I -A  
F r a c t i o n  C S L S -I -A  ( 1 0 0  g)  was  c h r o m a t o g r a p h e d  in a ma n n e r  
s i m i l a r  t o  t h a t  o f  C T L S - I -A ,  on a c o l u mn  p a c k e d  w i t h  F l o r i s i l .  F r a c t i o n s  
c o l l e c t e d  w e r e  100  m l .  The  l a r g e  a mo u n t  o f  m a t e r i a l  c h r o m a t o g r a p h e d
2 42
p r e c l u d e d  good  s e p a r a t i o n  b u t  t h e  q u a l i t y  o f  t h e  m a t e r i a l  was  i mp r o v e d  
g r e a t  I y .
T a b l e  16
C h r o m a t o g r a p h y  o f  F r a c t i o n  C S L S -I -A
F r a c t  i on S o l v e n t Wei g h t
(g)
1 - 3 4 H e x a n e 5 4 . 3 9
3 5 - 5 1 1 0 ^  B e n z e n e  in h e x a n e 3 . 4 9
5 2 - 9 0 3 3 ^  B e n z e n e  i n  h e x a n e 1 4 . 1 5
9 1 - 1 0 8 B e n z e n e 1 . 8 7
1 0 9 - 1 3 9 1 0 ^  E t h y l  a c e t a t e  in b e n z e n e 7 . 8 8
1 4 0 - 1 5 8 2 9 ^  E t h y l  a c e t a t e  in b e n z e n e . 2 1
1 6 3 - 1 8 4 E t h y l  a c e t a t e 2 . 9 6
1 8 5 - 2 0 9 1 0 ^  M e t h a n o l  in e t h y l  a c e t a t e 2 . 6 3
2 1 0 - 2 1 8 30% M e t h a n o l  in e t h y l  a c e t a t e 1 . 4 0
2 1 9 - 2 2 7 M e t h a n o 1 4 . 2 7
The t o t a l  a m o u n t  o f  m a t e r i a l  r e c o v e r e d  f r o m t h e  co l u mn  w e i g h e d
9 3 . 6  g .
T h i n  l a y e r  c h r o m a t o g r a p h i c  s e p a r a t i o n s  w e r e  p e r f o r m e d  in a 
m a n n e r  s i m i l a r  t o  t h o s e  o f  C T L S - I - A .  ( S e e  T a b l e  1 7 . )
C h r o m a t o g r a p h y  o f  F r a c t  i on C S L S-1-B  
F r a c t i o n  C S L S - I -B  ( 2 6 . 0  g) was  c h r o m a t o g r a p h e d  i n  a m a n n e r  
s i m i l a r  t o  C T L S -I -A  on a c o l u mn  p a c k e d  w i t h  F l o r i s i l  ( 4 0 0  g ) .  ( S e e  
T a b l e  1 8 . )
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T a b l e  17
T h i n  L a y e r  C h r o m a t o g r a p h y  
F r a c t I ons
o f  t h e  C h r o m a t o g r a p h i c  
o f  C S L S -I -A
F r a c t  i ons E l u a n t Compos i t i o n  
( B a s e d  on Number  o f  S p o t s )
6 - 2 1 Be n z e n e 6 m a j o r  c o m p o n e n t s
2 3 - 4 4 B e n z e n e 6 m a j o r ,  3 t r a c e  c o m p o n e n t s
5 0 - 7 1 B e n z e n e 5 m a j o r  c o m p o n e n t s
8 4 - 9 9 5 0 ^  E t h y l  a c e t a t e  
i n  b e n z e n e
4 m a j o r ,  2  t r a c e  c o m p o n e n t s
1 0 0 - 1 1 5 5 0 ^  E t h y l  a c e t a t e  
in b e n z e n e
4 m a j o r  c o m p o n e n t s ,  bad 
s t r e a k i n g
1 1 6 - 1 3 0 5 0 ^  E t h y 1 a c e t a t e  
i n  b e n z e n e
3 m a j o r  c o m p o n e n t s ,  1 v a n i s h e s  
a t  1 2 7 ,  s t r e a k i n g  f r o m 
o r i g i n  1 2 2
1 4 8 - 1 6 3 5 0 ^  E t h y l  a c e t a t e  
in b e n z e n e
2 m a j o r  c o m p o n e n t s ,  1 d i s a p p e a r s  
a t  1 5 6 - 1 5 8 ,  1 t r a c e
c o mp o n e n t
2 4 4
T a b l e  18 
C h r o m a t o g r a p h y  o f  C S L S - I -B
F r a c t i o n  S o l v e n t
Vo l ume  o f  
F r a c t  i on 
(ml )
We i g h t
(g)
1 - 2 1 H e x a n e - 1 3 ^  b e n z e n e  in h e x a n e 2 0 0 —
2 2 - 3 2 13^  Be n z e n e  in h e x a n e 2 0 0 1 . 4 2
3 3 - 5 8 2 0 ^  Be n z e n e  in h e x a n e 2 0 0 1 . 4 8
5 9 - 7 6 3 4 ^  B e n z e n e  i n h e x a n e 1 0 0 . 41
7 7 - 1 0 5 Be n z e n e 1 0 0 1 .51
106-131 5% E t h y l  a c e t a t e  in b e n z e n e 1 0 6 - 1 2 1 ,  2 0 0  
1 2 2 - 1 3 1 ,  100
2 . 0 9
1 3 2 - 1 5 3 9 ^  E t h y l  a c e t a t e  in b e n z e n e 1 0 0 . 4 3
1 5 4 - 1 8 5 18% E t h y l  a c e t a t e  i n  b e n z e n e 1 5 4 - 1 7 7 ,  100 
1 7 8 - 1 8 5 ,  200
. 8 2
1 8 6 - 1 9 9 36% E t h y l  a c e t a t e  in b e n z e n e 1 8 6 - 1 9 2 ,  200  
1 9 3 - 1 9 9 ,  100
. 4 8
2 0 0 - 2 1 8 E t h y l  a c e t a t e 1 0 0 1 . 1 7
2 1 9 - 2 3 5 5% Me t h a n o l  in e t h y l  a c e t a t e 1 0 0
2 3 2 , 2 3 3 , 2 3 4  200ml
. 7 3
2 3 6 - 2 4 7 10% M e t h a n o l  in e t h y l  a c e t a t e 2 0 0
2 4 5 , 2 4 6 , 2 4 7 ,  100ml
.61
2 4 8 - 2 6 7 50% M e t h a n o l  in e t h y l  a c e t a t e 1 0 0 4 . 2 6
2 6 8 - 2 7 5 M e t h a n o 1 1 0 0 2 . 6 8
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T h i n  l a y e r  c h r o m a t o g r a p h i c  s e p a r a t i o n s  w e r e  p e r f o r m e d  in a 
m a n n e r  s i m i l a r  t o  t h o s e  o f  C T L S -I -A .
T a b l e  19
T h i n  L a y e r  C h r o m a t o g r a p h y  o f  C h r o m a t o g r a p h i c  F r a c t i o n s  o f
C S L S - I -B
F r a c t  i ons E l u a n t
Compos  i t  i on 
( B a s e d  on Number  o f  S p o t s )
0  t o  9 - 2 0  
(comb i ne d )
5 0 ^  B e n z e n e  in 
h e x a n e
3 m a j o r ,  2 - 3  t r a c e  c o m p o n e n t s
2 1 - 3 9 5 0 ^  B e n z e n e  i n 
h e x a n e
4 - 5  m a j o r  c o m p o n e n t s
4 0 - 9 3 E t h y l  a c e t a t e 3 m a j o r  c o m p o n e n t s ,  t r a c e  
b e g i n s  a t  8 8
9 4 - 1 0 9 E t h y l  a c e t a t e 4 m a j o r  c o m p o n e n t s
1 1 0 - 1 3 0 E t h y l  a c e t a t e 1 m a j o r ,  2  t r a c e  c o m p o n e n t s
1 6 9 - 2 1 8 E t h y l  a c e t a t e 1 m a j o r  c o m p o n e n t ,  s t r e a k e d  
bad 1 y t o  o r i g i n
2 4 8 - 2 5 3 M e t h a n o 1 2 m a j o r  c o m p o n e n t s
2 5 4 - 2 6 0 M e t h a n o 1 2  m a j o r  c o m p o n e n t s ,  1 m a j o r  
2 5 4 ,  2 5 5  o r i g i n  l a r g e  s p o t
2 6 1 - 2 6 6 M e t h a n o 1 1 m a j o r  c o m p o n e n t ,  1 m a j o r  
a t  o r i g i n ,  1 m a j o r  c o m p o n e n t  
2 6 3 - 2 6 6
2 6 7 - 2 7 2 M e t h a n o 1 1 m a j o r  c o m p o n e n t  a t  o r i g i n
C h r o m a t o g r a p h y  o f  F r a c t  i on C S L S - I -C  
F r a c t i o n  C S L S - I -C  ( 7 . 8  g) was  d i s s o l v e d  in a b e n z e n e - h e x a n e  
m i x t u r e  and  c h r o m a t o g r a p h e d  in a m a n n e r  s i m i l a r  t o  C T L S -I -A  on a
2 4 6
c o l u m n  p a c k e d  w i t h  F l o r i s i l  ( 2 0 0  g ) .  The  d a t a  f o r  t h i s  s e p a r a t i o n  i s  
l i s t e d  b e l o w .
T a b l e  20 
C h r o m a t o g r a p h y  o f  F r a c t i o n  C S L S - I -C
F r a c t  i on So 1 v e n t
Vol ume  o f  




1 - 1 0 25% B e n z e n e  in h e x a n e 2 0 0 . 1 2
1 1 - 3 0 6 8 ^  B e n z e n e  in h e x a n e 1 0 0 . 9 6
3 1 - 4 4 B e n z e n e 1 0 0 . 0 9
4 5 - 5 8 5 ^  E t h y l  a c e t a t e  in b e n z e n e 1 0 0 . 7 8
5 9 - 8 5 1 0 ^  E t h y l  a c e t a t e  in b e n z e n e 1 0 0 . 5 3
8 6 - 1 2 9 25% E t h y l  a c e t a t e  in b e n z e n e 1 0 0 . 6 5
1 3 0 - 1 4 9 50% E t h y l  a c e t a t e  in b e n z e n e 1 0 0 . 2 5
1 5 0 - 1 9 2 E t h y l  a c e t a t e 1 0 0 . 5 6
1 9 3 - 2 0 4 5% M e t h a n o l  in e t h y l  a c e t a t e 1 0 0 . 4 3
2 0 5 - 2 1 6 10% M e t h a n o l  in e t h y l  a c e t a t e 1 0 0 . 2 7
2 1 7 - 2 2 3 30% M e t h a n o l  in e t h y l  a c e t a t e 1 0 0 1 . 7 2
2 2 4 - 2 2 9 50% M e t h a n o l  in e t h y l  a c e t a t e 1 0 0 1 . 4 9
2 3 0 - 2 3 2 M e t h a n o 1 1 0 0 . 6 5
T h i n  l a y e r  c h r o m a t o g r a p h i c  s e p a r a t i o n s  w e r e  p e r f o r m e d  i n  a 
m a n n e r  s i m i l a r  t o  t h o s e  o f  C T L S -I-A  a nd  a r e  shown in T a b l e  2 1 .
2 4 7
T a b l e  21
T h i n  L a y e r  C h r o m a t o g r a p h y  o f  C h r o m a t o g r a p h i c  F r a c t i o n s
o f C S L S-I--C
F r a c t  i on E l u a n t
( B a s e d  on
Compos i t i o n  
Number  o f  S p o t s )
1 - 1 3 B e n z e n e 1 -- 2  m a j o r  c o m p o n e n t s
1 4 - 2 5 Be n z e n e 5 m a j o r c o m p o n e n t s
2 6 - 3 7 5 0 ^  E t h y 1 a c e t a t e  
i n  b e n z e n e
3 m a j o r c o m p o n e n t s
4 2 - 5 7 5 0 ^  E t h y 1 a c e t a t e  
in b e n z e n e
2 m a j o r  c o m p o n e n t s
5 8 - 7 1 5 0 ^  E t h y 1 a c e t a t e  
in b e n z e n e
2 m a j o r  c o m p o n e n t s ,  t r a c e s  in 
6 3 - 7 1 ,  s t r e a k e d  67 -7 1
1 4 0 - 1 5 0 E t h y l  a c e t a t e 4 m a j o r c o m p o n e n t s
1 5 1 - 1 5 8 E t h y l  a c e t a t e 6 m a j o r c o m p o n e n t s
1 5 9 - 1 9 0 5 0 ^  M e t h a n o 1 i n 
e t h y l  a c e t a t e
2 maj  o r c o m p o n e n t s
1 9 1 - 1 9 5 5 0 ^  Me t h a n o l  in 
e t h y  1 a c e t a t e
2 m a j o r c o m p o n e n t s
2 1 0 - 2 3 0 5 0 ^  M e t h a n o 1 i n 
e t h y l  a c e t a t e
4 m a j o r c o m p o n e n t s
2 3 1 - 2 3 2 5 0 ^  M e t h a n o 1 i n 
e t h y l  a c e t a t e
5 m a j o r c o m p o n e n t s
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C h r o m a t o g r a p h  i c S e p a r a t  i on o f  C T L S - l - A , F r a c t  i o n s  6 - 5 5 * 
F r a c t i o n s  6 - 5 5  ( 7 . 9  g) f r om t h e  c h r o m a t o g r a p h y  o f  C T L S -I -A  
w e r e  c o m b i n e d  and  c h r o m a t o g r a p h e d  on a c o l umn  p a c k e d  w i t h  n e u t r a l  
a l u m i n a  ( 3 0 0  g ) .  ( A l p h a  c h r o m a t o g r a p h y . )
T a b l e  22
C h r o m a t o g r a p h y  o f  F r a c t i o n s  6 - 5 5  o f  F r a c t i o n  C T L S -I -A
F r a c t  i on So 1 v e n t
Vol ume o f  
F r a c t  i on 
(ml )
We i gh t
(g)
1 - 3 7 H e x a n e 50 1 . 6 0
3 8 - 4 9 2 .5 %  B e n z e n e  i n  h e x a n e 50 0 . 0 7
5 0 - 6 7 8 % B e n z e n e  in h e x a n e 50 0 . 0
6 8 - 7 2 15% B e n z e n e  i n  h e x a n e 50 0 . 0
7 3 - 7 8 25% B e n z e n e  i n  h e x a n e 50 0 . 0
7 9 - 8 8 47% B e n z e n e  in h e x a n e 50 0 . 0
8 9 - 1 1 1 B e n z e n e 50 6 . 2 9
1 1 2 - 1 6 6 4% E t h y l  a c e t a t e  in b e n z e n e 1 9 4 - 2 0 3 ,  100  ml 1 . 0 2
T h e  f r a c t i o n s  f r o m t h e  a b o v e  c h r o m a t o g r a p h y  w e r e  c h r o m a t o g r a p h e d  
by t h e  t h i n  l a y e r  m e t h o d  a s  d e s c r i b e d  p r e v i o u s l y .
*The f o l l o w i n g  e x p e r i m e n t a l  wo r k  was  p e r f o r m e d  by A .  Y a n k i e .
24 9  
T a b l e  23
T h i n  L a y e r  C h r o m a t o g r a p h y  o f  F r a c t i o n s  f r o m ( a l p h a )  C h r o m a t o g r a p h y  
o f  C T L S -I -A  F r a c t i o n s  6 - 5 5
F r a c t  i on E l u a n t
Compos i t i o n  
( B a s e d  on Number  o f  S p o t s )
6 - 1 2 H e x a n e 1 m a j o r  c o m p o n e n t
1 3 - 2 3 H e x a n e 1 m a j o r  c o m p o n e n t ,  1 t r a c e  
( 6 - 1 2 )
1 1 8 - 1 2 8 B e n z e n e 1 m a j o r ,  1 - 3  m i n o r  c o m p o n e n t s  
1 m a j o r  c o m p o n e n t  ( 1 1 8 - 1 2 2 )
1 2 9 -1 5 1 B e n z e n e 3 m a j o r ,  2 t r a c e  c o m p o n e n t s
1 7 1 - 1 7 3 B e n z e n e 1 m a j o r ,  1 t r a c e  c o m p o n e n t
1 7 4 - 1 9 7 B e n z e n e 1 m a j o r  c o m p o n e n t
S e v e r a 1 f r a c t  i o n s  w i t h  s i m i l a r  t h i n  l a y e r  p a t t e r n s  w e r e
c o m b i n e d  t o  make f o u r  f r a c t  i o n s .
a I pha^  
a 1 p h a g  
a l p h a ^  
a 1phaQ
6 - 2 3
1 3 5 - 1 6 9
1 8 7 - 1 9 7
1 1 8 - 1 2 3
. 2 0  g 
. 9 5  g 
.6 1  g 
2 . 6 8  g
F r a c t i o n s  a l p h a g  a n d  a l p h a g  w e r e  c o m b i n e d  a n d  c h r o m a t o g r a p h e d .
C h r o m a t o g r a p h y  o f  F r a c t  i on a I p h a p f r o m  C TLS-1-A  
F r a c t i o n  a l p h a g  ( 2 . 8 6  g)  was  c h r o m a t o g r a p h e d  on a co l u mn  
p a c k e d  w i t h  s i l i c i c  a c i d  ( 1 5 0  g ) .
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T a b l e  24
C h r o m a t o g r a p h y  o f  F r a c t i o n  a l p h a ^  f ro m  CT L S -I -A
F r a c t  i on So 1 v e n t We i g h t
(g)
1 - 4 0 H e x a n e -1 5 %  b e n z e n e  i n  h e x a n e —
4 1 - 1 1 2 15^  B e n z e n e  in h e x a n e 1 . 2 8
T h i n  l a y e r  c h r o m a t o g r a p h i c  s e p a r a t i o n s  i n d i c a t e  f r a c t i o n s  
8 9 - 9 9  c o n s i s t  o f  one  c o m p o n e n t ,  R f =  0 . 4 ,  8 7 - 8 5  o f  t wo  c o m p o n e n t s ,
Rf  =  0 . 4 ,  0 . 6 ,  7 2 - 7 9  o f  one  c o m p o n e n t  w i t h  Rf  =  . 6 ,  3 8 - 5 2  one  c o m p o n e n t ,  
Rf  = 0 . 3 ,  5 3 - 7 1  one  c o m p o n e n t ,  Rf  = 0 . 6 ,  and 1 0 1 - 1 1 1 ,  t wo c o m p o n e n t s ,
Rf  =  0 . 2 ,  0 . 3 .  T h e  t h i n  l a y e r  c h r o m a t o g r a m s  w e r e  e l u t e d  w i t h  a m i x t u r e  
o f  4 0 ^  h e x a n e  in b e n z e n e .  S e v e r a l  o f  t h e  f r a c t i o n s  w e r e  r e c o m b i n e d  
t o  p r o d u c e  t h e  f r a c t i o n s  l i s t e d  b e l o w :
a l p h a ^  . 1 5  g 8 9 - 9 9
a l p h a Z  . 81  g 5 3 - 7 7
a l p h a &  . 5 0  g 1 0 1 -1 1 1
A f t e r  r e c r y s t a l l i z a t i o n  o f  a l p h a &  f r o m h e x a n e ,  t h e  t h i n  l a y e r  c h r o m a ­
t o g r a m  s h o we d  o n l y  o n e  c o m p o n e n t  Rf  =  0 . 4 .  F r a c t i o n  a l p h a ^  s h o w e d  t wo 
c o m p o n e n t s  Rf  =  0 . 4 ,  0 . 3 .  B o t h  f r a c t i o n s  w e r e  e l u t e d  w i t h  b e n z e n e .  
F r a c t i o n  a l p h a ^  was  r e c r y s t a l l i z e d  f r o m  h e x a n e  t o  y i e l d  a w h i t e  s o l i d ,
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m . p .  2 1 5 - 2 3 5 ° .  Upon r e c r y s t a l l i z a t i o n  o f  t h e  s o l i d  f r o m e t h a n o l  i t  had
m . p .  2 2 7 - 2 3 4 ° .  T h e  t h i n  l a y e r  o f  t h i s  compound showed  t wo c o m p o n e n t s
t o  be p r e s e n t .  Ana I . C a l c d . ( b e t a - a m y r y I  a c e t a t e )  C , 8 1 . 9 9 ;  H,  1 1 . 1 ;
0 ,  6 . 8 3 .  F o u n d :  C,  8 2 . 4 4 ;  H,  1 0 . 6 2 ;  0 ,  6 . 7 4 .
A c e t y I  a t  i on o f  F r a c t  i on a I pha^
T h i s  f r a c t i o n  was  s u s p e c t e d  t o  be b e t a - a m y r i n  and a l p h a ®  was 
t h o u g h t  t o  be b e t a - a m y r y I  a c e t a t e .
F r a c t i o n  a l p h a ^  ( 50  mg) was  d i s s o l v e d  in b e n z e n e  (3 mi )  and 
a c e t i c  a n h y d r i d e  (1 ml )  was  a d d e d .  The  m i x t u r e  was  r e f l u x e d  f o r  f o u r  
h o u r s .  W a t e r  (3 ml )  was  a d d e d  a nd  t h e  m i x t u r e  e v a p o r a t e d  t o  d r y n e s s  
u n d e r  v a c u u m.  A t h i n  l a y e r  c h r o m a t o g r a m  e l u t e d  w i t h  b e n z e n e  s howed 
t h i s  compound  t o  be i d e n t i c a l  t o  a l p h a ^ ,  t h o u g h t  t o  be  b e t a - a myr y I  
a c e t a t e .
H y d r o l y s i s  o f  F r a c t  i on a I p h a ^  w i t h  P o t a s s  i um H y d r o x i de 
F r a c t i o n  a l p h a g  ( m . p .  a b o v e  1 10° )  ( 1 7 0  mg) was  r e f l u x e d  w i t h  
e x c e s s  a l c o h o l i c  p o t a s s i u m  h y d r o x i d e  s o l u t i o n  f o r  s i x  h o u r s .  T h e  s o l u ­
t i o n  was  a c i d i f i e d ,  e t h e r  was  a d d e d  ( 2  ml )  and  t h e  s o l u t i o n  was  wa s h e d  
t w i c e  w i t h  w a t e r  (1 m l ) .  T h e  r e s u l t s  o f  t h i n  l a y e r  c h r o m a t o g r a p h y  
( e l u t e d  w i t h  b e n z e n e )  showe d  t wo c o m p o n e n t s ,  one i d e n t i c a l  w i t h  
s t a r t i n g  m a t e r i a l  a n d  t h e  o t h e r  c o i n c i d e d  w i t h  ( a l p h a ^ )  b e t a - a m y r i n .
T h e  a c e t a t e  p r e p a r e d  f r o m  known b e t a - a m y r i n  ( L.  L i g h t  Co . )  
was  e s t a b l i s h e d  t o  be i d e n t i c a l  t o  t h e  a c e t a t e  o f  a l p h a ^  by t h i n  l a y e r  
c h r o m a t o g r a p h y .
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The  nmr s p e c t r u m  o f  a l p h a ^  i s  i d e n t i c a l  t o  t h a t  o f  b e t a - a m y r i  n 
e x c e p t  t h a t  i t  c o n t a i n s  p e a k s  w h i c h  c o r r e s p o n d  t o  a s m a l l  p e r c e n t a g e  
o f  b e t a - a m y r y l  a c e t a t e .
Th e  i n f r a r e d  s p e c t r u m  o f  a l p h a ^  ( b e t a - a m y r y I  a c e t a t e )  i s  
i d e n t i c a l  t o  t h a t  o f  known b e t a - a m y r y I  a c e t a t e  in a l l  r e s p e c t s .  
A b s o r p t i o n s  a r e  o b s e r y e d  a t  2 8 5 0 - 2 9 5 0  cm“  ̂ ( c a r b o n - h y d r o g e n ) , 1735 cm~^ 
( a c e t a t e  c a r b o n y l ) ,  1450  cm“  ̂ and  1460 cm~^ ( m e t h y l  g r o u p ) ,  1365 cm~^ 
( a c e t a t e  m e t h y l ) ,  1240  cm~^ ( e t h e r  a b s o r p t i o n ) 1020 and 975 c m~^ .
C h r o m a t o g r a p h y  o f  F r a c t  i on C T L S -I -B
A l l  f r a c t i o n s  o f  C T L S -I -B  ( 1 3 . 6  g) w e r e  r e c o m b i n e d  and 
c h r o m a t o g r a p h e d  on a c o l u mn  p a c k e d  w i t h  s i l i c i c  a c i d  ( a b o u t  2 0 0  g ) .
( b e t a - c h r o m a t  o g r a p h y . )
T a b l e  25
C h r o m a t o g r a p h y  o f  F r a c t i o n s  o f  C T L S -I -B
F r a c t  i on So 1 v e n t
We I g h t
(g)
1 - 2 7 H e x a n e 1 . 3 4
2 8 - 4 0 4 .5 %  B e n z e n e  in h e x a n e 0 . 0
4 1 - 5 4 20% B e n z e n e  in h e x a n e 0 . 0
5 5 - 9 0 50% B e n z e n e  in h e x a n e . 61
9 1 - 1 1 9 B e n z e n e 3 . 2 7
1 2 0 - 1 4 0 2% E t h y l  a c e t a t e  in b e n z e n e 0 . 0
1 4 1 - 1 5 4 12% E t h y l  a c e t a t e  in b e n z e n e 4 . 0 0
1 5 5 -1 5 B 60% E t h y l  a c e t a t e  in b e n z e n e 0 . 0 0
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The  m a t e r i a l  r e c o v e r e d  f r o m t h e  c o l u mn  w e i g h e d  9 . 2  g .  
F r a c t i o n s  o f  t h e  b e t a - c h r o m a t o g r a p h y  o f  C T L S -I -B  w e r e  
c h r o m a t o g r a p h e d  by t h e  t h i n  l a y e r  m e t h o d  in a m a n n e r  s i m i l a r  t o  t h e  
f r a c t i o n s  o f  C T L S -I -A .
T a b l e  26
T h i n  L a y e r  C h r o m a t o g r a p h y  o f  F r a c t i o n  o f  B e t a  C h r o m a t o g r a p h y
o f  C T L S -I -B
F r a c t  i on E l u a n t
Compos i t  i on  
( B a s e d  on Number  o f  S p o t s )
4 - 8 B e n z e n e 1 m a j o r  c o m p o n e n t
9 - 1 8 B e n z e n e 1 m a j o r ,  3 t r a c e  c o m p o n e n t s
2 2 - 3 9 B e n z e n e 1 m a j o r ,  1 t r a c e  c o m p o n e n t
4 0 - 5 3 B e n z e n e 2 m a j o r ,  3 c o l o r e d  t r a c e  
c o m p o n e n t s
5 4 - 9 7 B e n z e n e 2 m a j o r  c o m p o n e n t s
9 8 - 1 0 0 B e n z e n e 1 m a j o r  c o m p o n e n t
1 0 1 - 1 0 5 B e n z e n e 2 m a j o r  c o m p o n e n t s
1 0 6 - 1 1 7 B e n z e n e 2 m a j o r  c o m p o n e n t s
1 1 8 - 1 3 4 20% E t h y l  
b e n z e n e
a c e t a t e  in 3 m a j o r  c o m p o n e n t s
1 3 8 - 1 5 4 20% E t h y l  
b e n z e n e
a c e t a t e  in 2 m a j o r ,  1 t r a c e  c o m p o n e n t
1 5 5 - 1 5 8 20% E t h y l  
b e n z e n e
a c e t a t e  in 1 m a j o r  c o m p o n e n t ,  b a d l y  
s t r e a k e d  f r o m o r i g i n
2 5 4
S e v e r a l  g r o u p s  o f  f r a c t i o n s  w i t h  s i m i l a r  t h i n  l a y e r s  w e r e  c o m b i n e d  t o  
f o r m  new f r a c t  i o n s :
b e t a ^ 5 4 - 1 0 0 4 . 9  g
beta-] 1 5 5 - 1 5 8 1 . 1  g
b e t a g 1 3 8 - 1 5 4 2 . 1  g
b e t a g 1 0 1 - 1 3 4 2 . 0  g
b e t a ^ 4 —8 . 2  g
b e t a g 1 0 - 2 0 . 7  g
P u r  i f  i c a t i o n  o f  F r a c t  i on b e t a p  f r o m C T L S -I -B  
F r a c t i o n  b e t a g  was  an o r a n g e  l i q u i d  w h i c h  c r y s t a l l i z e s  s l o w l y  
a t  room t e m p e r a t u r e .  T h i s  f r a c t i o n  was  r e c r y s t a l l i z e d  f r om h e x a n e  t o  
y i e l d  a w h i t e  c r y s t a l l i n e  s o l i d ,  m . p .  9 7 - 1 0 1 * .  A f t e r  s u c c e s s i v e  
r e c r y s t a l l i z a t i o n  f r o m a c e t o n e ,  w h i t e  c r y s t a l s  a r e  o b t a i n e d ,  m . p .  
1 0 9 - 1 1 0 * .
T h i s  compound  d e c o l o r i z e d  b r o m i n e  in c a r b o n  t e t r a c h l o r i d e  
s o l u t i o n .  T h e  i n f r a r e d  s p e c t r u m  show s a b s o r p t i o n s  a t  2 9 2 0  and  2 8 5 0  cm~^ 
( c a r b o n - h y d r o g e n )  1705 cm~^ ( c a r b o n y l ) ,  1460 c m~^,  1360  and  1375 cmT^.  
T h e  nmr  s p e c t r u m  show s a t a l l  s i n g l e t  a t  1 . 2 5 9 -  A c o m p l e x  m u l t i p l e t  
i s  o b s e r v e d  b e t w e e n  0 . 8 0  and  l . l o S .  By u s e  o f  a V a r i a n  Company 1024  
T i me  A v e r a g i n g  C o m p u t e r  c e r t a i n  low i n t e n s i t y  p e a k s  w e r e  o b s e r v e d .  A 
m u l t i p l e t  l i e s  a t  2 . 2 - 2 . 4 6 ,  a much s p l i t  t r i p l e t  a t  4 . 5 - 4 . 7 S  a n d  
a m u l t i p l e t  a t  5 . 1 - 5 . 3  6 .
Ana I . F ound  ; C,  8 1 . 9 8 ;  H,  1 1 . 7 7 ;  0 ,  6 . 2 3
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P u r i  f i  c a t  i on o f  F r a c t  i on b e t a ^  f r o m C T L S -I -B
F r a c t i o n  b e t a ^  was  r e c r y s t a l l i z e d  f r o m h e x a n e  t o  y i e l d  a  w h i t e  
waxy s o l i d .  T h i s  s o l i d  was  r e c r y s t a l l i z e d  f r o m 8 0 ^  e t h a n o l ,  and  t h e n  
f r o m a c e t o n e  t o  y i e l d  a w h i t e  s o l i d  ( m . p .  1 4 0 . 5 - 1 4 4 . 5 ® ) .  T he  s o l i d  
was  d r i e d  u n d e r  va c uum,  m . p .  1 3 8 . 5 - 1 4 0 . 5 ® .
The  i n f r a r e d  s p e c t r u m  h a s  a b s o r p t i o n s  a t  3 4 5 0  cm~^ ( b r o a d ,  
h y d r o x y l )  2 9 3 0  and 2 9 6 0  cm"! ( c a r b o n - h y d r o g e n ) ,  1 4 6 0 ,  1 3 5 0 ,  and  
1050 cm-T.
The  nmr  s p e c t r u m  sh o w s a b r o a d  m u l t i p l e t  f r om 0 . 8 - 2 . 3  ^  , 
and  a m u l t i p l e t  a t  5 . 2 - 5 . 4  6  .
A n a l .  F o u n d ;  C , 8 3 . 6 8 ;  H,  1 1 . 5 5 ;  0 , 4 . 5 4 .
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X-RAY CRYSTAL STRUCTURE OF TRANS-1,3-CYCLOBUTANEDI CARBOXYL IC ACID
CHAPTER I 
INTRODUCTION
S t u d i e s  r e l a t e d  t o  t h e  s y n t h e s i s  a n d  s t r u c t u r e  d e t e r m i n a t i o n  
o f  c i s  and t r a n s - 1 , 3 - c y c I o b u t a n e d i c a r b o x y l i c  a c i d  h a v e  b e e n  endowed 
w i t h  n u m e r o u s  i n t e r e s t i n g  p r o b l e m s .
Th e  s y n t h e s i s  o f  t h i s  p a i r  o f  a c i d s  was  f i r s t  r e p o r t e d  by 
M a r k o w n i k o f f  and K r e s t o w n i k o f f  in 1 8 8 1 .  ̂ In 1 8 9 8 ,  H a w o r t h  and  P e r k i n
p
r e p o r t e d  a new and d i f f e r e n t  s y n t h e s i s .
In t h e  y e a r s  t h a t  f o l l o w e d  many c o n f u s i n g  p i e c e s  o f  d a t a  w e r e  
a d d e d  t o  t h e  l i t e r a t u r e .  D e u t s c h  a n d  Buchman r e p o r t e d  t h e  p h y s i c a l  
c o n s t a n t s  f o r  t h e  c i s  a nd  t r a n s  a c i d s  b u t  n o t  t h e  d e t a i l s  o f  t h e  
s y n t h e s  i s . ^
Th e  D e u t s c h  and  Buchman s y n t h e s i s  was  f i n a l l y  p u b l i s h e d  in 1965 
by AI l i n g e r  a n d  T u s h a u s . ^
Th e  s y n t h e s i s  o f  P e r k i n  was  shown t o  p r o d u c e  m e t h y I e n e g I u t a r i c  
a c i d ,  t h a t  o f  M a r k o w n i k o f f  t o  p r o d u c e  l - m e t h y l - l , 2 - c y c I o p r o p a n e d i c a r -  
boxy  l i e  a c i d .  I t  s h o u l d  be n o t e d  t h a t  n e a r l y  a l l  t h e  d a t a  c o n c e r n i n g  
t h e  1 , 3 - a c i d s  in t h e  l i t e r a t u r e  i s  in e r r o r .
The  D e u t s c h  and Buchman s y n t h e s i s  o f  c i s  a n d  t r a n s - 1 , 3 - c y c I o -  
b u t a n e d I c a r b o x y I i c  a c i d  i s  o u t l i n e d  b e l o w :
2 5 9
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1 .  H e a t




C i s - 1 , 3 - c y c I o b u t a n e d i c a r b o x y l i c  a c i d  m . p .  1 3 5 - 1 3 6 * 5  
T r a n s - 1 , 3 - c y c I o b u t a n e d i c a r b o x y l i e  a c i d  m . p .  1 9 0 - 1 0 1 = 5
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T h e  c y c l o b u t a n e  r i n g  h a s  b e e n  shown t o  e x i s t  in t wo  c o n f o r m a t i o n s :
a p l a n a r  f o r m  a n d  a b e n t  o r  p u c k e r e d  f o r m .  Th e  p l a n a r  f o r m i s  f o u n d  in
many c y c l o b u t a n e s  w h i c h  a r e  p a r t  o f  c o n d e n s e d  p o l y c y c l i c  o r  a r o m a t i c
s y s t e m s .  F o u r  e x a m p l e s  w h i c h  do n o t  i n v o l v e  a r o m a t i c  s y s t e m s  h a v e  b ee n
r e p o r t e d .  T h e s e  a r e  t e t r a c y a n o c y c I o b u t a n e , ^  t e t r a p h e n y I  eye  I o b u t a n e , ^
o c t a h y d r o x y c y c I o b u t a n e * ^  a n d  t r a n s i , 3 - c y c i o b u t a n e d i c a r b o x y I i c  a c i d . ®
A l l  o f  t h e s e  c o mp o u n d s  c r y s t a l l i z e  in t h e  s p a c e  g r o u p  Fo , .
1 / c
O c t a h y d r o x y c y c I o b u t a n e  was  r e p o r t e d  i n  P 2 t/ p > b u t  t h i s  c a n  be t r a n s f o r m e d
10
t o  by a s i m p l e  t r a n s f o r m a t i o n  o f  a x e s .
T h e  x - r a y  c r y s t a l  s t r u c t u r e s  o f  o c t a c h I o r o c y c I o b u t a n e ,  
a n e m o n i n 1 2 ( l ) ,  a n d  ( b o t h )  c i s  and  t r a n s - 1 , 2 - d i  b r o m o - 1 , 2 - d i c a r b o m e t h o x y -  
c y c I o b u t a n e ^ ^  ( I I ) ,  p r o v i d e  e x a m p l e s  o f  p u c k e r e d  c y c l o b u t a n e  r i n g s .  In 
g e n e r a l ,  t h e  d e v i a t i o n  f r o m p l a n a r i t y  o f  t h e  p u c k e r e d  c y c l o b u t a n e  r i n g  
i s  on t h e  o r d e r  o f  2 0 - 3 0 * .
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O t h e r  e x a m p l e s  o f  p u c k e r e d  c y c l o b u t a n e  r i n g s  h a v e  be e n
13e s t a b l i s h e d  by m e t h o d s  s u c h  a s  e l e c t r o n  d i f f r a c t i o n  t e c h n i q u e s ,  nmr
s p l i t t i n g  p a t t e r n s , e q u i l i b r i u m  s t u d i e s , a n d  i n f r a r e d  and Raman 
s p e c t r o s c o p y . 18
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C y c l o b u t a n e  h a s  b e e n  shown t o  e x i s t  in a p u c k e r e d  f o r m .  '
T h e  f o l l o w i n g  p o t e n t i a l  e n e r g y  c u r v e  was  p r o p o s e d ,  b a s e d  on e n t r o p y  d a t a  
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F i g u r e  1 .  P o t e n t i a l  E n e r g y  f o r  t h e  Out  o f  P l a n e  
Bend i ng  Mot i o n .
T h e  m o l e c u l e  h a s  02d  sy m m e try  b u t  t h e  e n e r g y  b a r r i e r  i s  low 
e n o u g h  t h a t  an  a p p r e c i a b l e  n u mb e r  o f  m o l e c u l e s  ob e y  s e l e c t i o n  
r u l e s .
T h e  p r e s e n c e  o f  so m e w h a t l e n g t h e n e d  c a r b o n - c a r b o n  b o n d s  in 
c y c l o b u t a n e s  h a s  p r o v i d e d  a n o t h e r  i n t e r e s t i n g  p r o b l e m .  V a l u e s  a s  h i g h  
a s  1 . 6 0  A h a v e  b e e n  r e p o r t e d ,  ( c o m p a r e d  t o  a n o r ma l  v a l u e  o f  1 . 5 3  t o  
1 . 5 4  Â) b u t  some o f  t h e s e  v a l u e s  a r e  l i k e l y  n o t  o f  t h e  g r e a t e s t  
p r e c i s i o n .  T h i s  e f f e c t  i s  a t t r i b u t e d  t o  n o n b o n d e d  c a r b o n - c a r b o n  r e p u l -  
s i o n . T 3  A n o t h e r  e x p l a n a t i o n  i s  t h e  l a r g e r  p c o n t r i b u t i o n  in t h e  
h y b r i d i z e d  o r b i t a l s  o f  t h e  c a r b o n - c a r b o n  b o n d s .
D i f f i c u l t y  in r e f i n i n g  d a t a  f r o m c y c l o b u t a n e  s y s t e m s  i s  
o b s e r v e d ,  and m o s t  w o r k e r s  h a v e  r e s o r t e d  t o  a n i s o t r o p i c  t e m p e r a t u r e
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p a r a m e t e r s  ( w h i c h  a r e  q u i t e  l a r g e  in some c a s e s )  t o  r e d u c e  t h e  r e s i d u a l  
t o  an a c c e p t a b l e  l e v e l . ^ ' ^ ' ^ ^ ' ^ ^ ' ^ ^
R e s u l t s  o f  s t u d i e s  o f  a l i p h a t i c  d i c a r b o x y l i c  a c i d s  ( C ^ - C io )
i n d i c a t e  t h e  o x y g e n s  o f  t h e  c a r b o x y l  g r o u p s  h a v e  i n t e r m e d i a t e  v a l u e
t e m p e r a t u r e  f a c t o r s  p e r p e n d i c u l a r  t o  t h e  p l a n e  o f  t h e  h y d r o g e n  b o n d e d
a c i d  g r o u p s .  T h e r e  a l s o  a p p e a r s  t o  be  a s i g n i f i c a n t  d e g r e e  o f  f r e e d o m
p e r p e n d i c u l a r  t o  t h e  c h a i n  o f  t h e s e  m o l e c u l e s  w h i c h  p r o d u c e s  a n i s o t r o p i c
1 9 - 2 2
t e m p e r a t u r e  m ovem ent o f  t h e  e n t i r e  c h a i n .
S i m i l a r  p h e n o me n a  h a v e  b e e n  o b s e r v e d  in s t u d i e s  o f  t h e  
c o r r e s p o n d i n g  a m i  d e s . 2 3 * 2 4  g o t h  t h e  n i t r o g e n  and  o x y g e n  a t o m s  h a v e  
r a t h e r  l a r g e  m o v e m e n t s ,  w h i c h  a r e  a c c o m p a n i e d  by a l e s s e r  a n i s o t r o p i c  
m ovem ent o f  t h e  e n t i r e  c h a i n .
As p r e v i o u s l y  m e n t i o n e d ,  t r a n s - 1 , 3 - c y c l o b u t a n e d i c a r b o x y l i e  
a c i d  c o n t a i n s  a p l a n a r  c y c l o b u t a n e  r i n g .  T h e  s t r u c t u r e  o f  t h i s  com­
pound  h a s  b e e n  d e t e r m i n e d  by M a r g u l i s  w i t h  t h e  s y m b o l i c  a d d i t i o n  m e t h o d ,  
u s i n g  f i l m  d a t a . ^ 4  S c i n t i l l a t i o n  c o u n t e r  d a t a  wa s  u s e d  f o r  f i n a l  
r e f i n e m e n t  o f  t h e  s t r u c t u r e .
T h e  a c i d  c r y s t a l l i z e s  in s p a c e  g r o u p  P2-)/c-> ^ nd  h a s  t wo 
m o l e c u l e s  p e r  u n i t  c e l l .  C o n s e q u e n t l y ,  e a c h  m o l e c u l e  m u s t  be  c e n t r o -  
s y m m e t r i c  s u c h  t h a t  t h e  c e n t e r  o f  sy m m e try  c o r r e s p o n d s  w i t h  t h e  c e n t e r  
o f  sy m m e try  o f  t h e  u n i t  c e l l .
T h e  t r i a l  s t r u c t u r e  o f  t h e  p r e s e n t  wo r k  was  d e t e r m i n e d  f r o m a 
p l o t  o f  t h e  P a t t e r s o n  f u n c t i o n ,  b e f o r e  p u b l i c a t i o n  o f  t h e  s t u d y  o f  
M a r g u l i s  a nd  F i s c h e r .  Our  r e f i n e d  s t r u c t u r e  i s  b a s e d  on a l a r g e r  
a moun t  o f  d a t a ,  a n d  i s  t h e r e f o r e  mo r e  a c c u r a t e .  We f u r t h e r  w i s h e d  t o  
e x a m i n e  t h e  l a r g e  a n i s o t r o p i c  m ovem ent o f  t h e  c y c l o b u t a n e  s y s t e m
2 6 4
a n d ,  i f  p o s s i b l e ,  r e l a t e  t h i s  e f f e c t  t o  t h e  s t r u c t u r e .  F o r  t h e s e  
r e a s o n s  we c o n t i n u e d  o u r  s t u d y .
CHAPTER I I 
EXPERIMENTAL
A s a m p l e  o f  t r a n s - 1 , 3 - c y c I o b u t a n e d i c a r b o x y I i c  a c i d ,  m . p .  
1 9 0 - 1 9 1 ° ,  was o b t a i n e d  f r o m D r .  J .  J .  B l o o m f i e l d .  A s m a l l  c r y s t a l  
( 0 . 3  a n d  0 . 0 5  mm a s  t h e  l a r g e s t  and  s m a l l e s t  d i m e n s i o n )  wa s  u s e d  f o r  t h e  
i n t e n s i t y  m e a s u r e m e n t s .  A l a r g e r  c r y s t a l  was  l a t e r  u s e d  t o  r e m e a s u r e  
c e r t a i n  u n o b s e r v e d  o r  low i n t e n s i t y  r e f l e c t i o n s .
A G e n e r a l  E l e c t r i c  XRD-5 X - r a y  d i f f r a c t i o n  u n i t  f i t t e d  w i t h  
a n  SPG s p e c t r o g o n i o m e t e r  and  a s i n g l e  c r y s t a l  o r i e n t e r  was  u s e d  f o r  
t h e  e x p e r i m e n t a l  w o r k .  Th e  r a d i a t i o n  u s e d  f o r  t h e s e  m e a s u r e m e n t s  was  
c o p p e r  K a l p h a  ( 1 . 5 4 1 8  Â ) .
T h e  s p a c e  g r o u p  was  d e t e r m i n e d  t o  be  t h e  s y s t e m a t i c
a b s e n c e  o f  t h e  f o l l o w i n g  t y p e s  o f  r e f l e c t i o n s :  h O l ,  1^ 2 n ;  OkO, kŷ
2 n . 2 5
T h e  c r y s t a l  h a s  t h e  f o l l o w i n g  c e l l  d i m e n s i o n s ;
a*  =  . 1 9 2 2 8  +  .0 0 0 0 6  A ^
b* =  .1 2 7 8 5  +  .0 0 0 0 5  A ^
c*  =  . 1 2 8 7 9  +  . 0 0 0 0 4  A"''
=  7 2 . 5 6  +  0 . 0 2 »
a =  5 . 4 5 2  +  . 0 0 2  Â
b =  7 . 8 2 2  +  . 0 0 3  A
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c =  8 . 1 3 9  +  . 0 0 3  A
1 0 7 . 4 4  +  . 0 2 °
Th e  d e n s i t y  o f  t h e  a c i d  was  d e t e r m i n e d  by t h e  f l o t a t i o n  
m e t h o d  t o  be 1 . 4 3 8  g / m l .  I f  t h e  n u mb e r  o f  m o l e c u l e s  in t h e  u n i t  c e l l  
i s  a s s u m e d  t o  be 2 ,  t h e  c a l c u l a t e d  d e n s i t y  i s  1 .4 4 1  g / m l .
A t o t a l  o f  630  r e f l e c t i o n s  w e r e  m e a s u r e d  u s i n g  a t h e t a - 2  
t h e t a  s c a n . *  A l l  r e f l e c t i o n s  w i t h  2 t h e t a  v a l u e  l e s s  t h a n  145® w e re  
o b s e r v e d .
*A t o t a l  o f  65 0  r e f l e c t i o n s  w e r e  i n c l u d e d  f o r  t h e  f i n a l  r e f i n e m e n t  
s t e p s  u s i n g  t h e  p r o g r a m  o f  A h m e d  a n d  w o r k e r s . 3 5  ( s e e  A p p e n d i x  B)
CHAPTER I I I 
TREATMENT OF DATA
The dat a  was put  on t h e  same r e l a t i v e  s c a l e .  No c o r r e c t i o n  
f o r  a b s o r p t i o n  was made becaus e  o f  t he  a bs e nc e  o f  heavy atoms and the  
smal l  s i z e  of  t h e  c r y s t a l .  L o r e n t z - p o I a r i z a t i o n  c o r r e c t i o n s  were  
a p p l i e d  d i r e c t l y  t o  t h e  i n t e n s i t y  d a t a .  The s e  c o r r e c t i o n s  were made 
wi t h  t he  f o l l o w i n g  r e l a t i o n s :
L,p. = 1 + cos^ 20
2 s i n  28 (1)
and
l^hkll^ “ (VL.P.) Ihn- 121
l^ki  i s  t h e  obs erved  i n t e n s i t y  v a l u e  f o r  each r e f l e c t i o n .
The m u l t i p l i c i t y  was t he n  a s s i g n e d  f o r  a l l  r e f l e c t i o n s .  
R e f l e c t i o n s  o f  t h e  t y p e  h k l , O k l ,  and hkO have m u l t i p l i c i t y  of  4 ,  hOI 2 ,  
and OkO, 0 0 1 ,  or hOO 2 .
S c a t t e r i n g  f a c t o r s  were c a l c u l a t e d  a t  t h i s  s t a g e  f o r  l a t e r
u s e .
Sq ua r i ng  the  amp l i t u d e  v a l u e s  broadens  t he  peaks  ( i n  a 
P a t t e r s o n  s y n t h e s i s )  and a s h a r p e n i n g  f a c t o r  must be i n t r oduc e d  t o  
sharpen t he  peaks  w i t h o u t  i n t r o d u c i n g  l arge  s e c o nda r y  maxima.  The 
P a t t e r s o n  f u n c t i o n  was sharpened by t h e  f o l l o w i n g  r e l a t i o n :
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Fhkll  ̂ f  (31
where Z i s  t h e  t o t a l  number o f  e l e c t r o n s ,  f , i s  t he  s c a t t e r i n g
f a c t o r  f or  each atom,  and nj i s  t h e  number o f  each atom.  P i s  an
a d j u s t a b l e  paramet er  a s s i g n e d  a v a l u e  o f  z e r o  in t h i s  c a s e .  Thus the
s h a r p e n i n g  f a c t o r  r e d u c e s  t o  :
|Fjkl |  2 =  ( Z / ^ n j f i ) 2  (4)
The P a t t e r s o n  s y n t h e s i s  may be e x p r e s s e d  in g e n e r a l  form as :
P(u V w) =  l / v 2  ^  ^  ^  |f^hkl| ^ c o s  2 TT(hu+kv+lw) (5)
h k I
T h i s  form r e a d i l y  shows t h e  r e l a t i o n  n e c e s s a r y  t o  c a l c u l a t e  t he  
P a t t e r s o n  s y n t h e s i s  but  must  be changed t o  a product  form t o  reduce  
t h e  t i me  n e c e s s a r y  f o r  computer  c a l c u l a t i o n .  For a m o n o c l i n i c  s p a c e
2
group,  e q u a t i o n  (5)  may be w r i t t e n  as  a sum of  two t erms  w i t h  |F( |̂ |̂| 
and |Fhk| |  2 .
P (u V w) =  4 / V k I V | Fhkl |  cos  2 TT (hu+lw)  +
If Î ĴI co s  2 TT ( - hu+l w)  J  c o s  kv (6)
T h i s  f u r t h e r  expanded t o :
P(u V w )  =  4 / V ^  f  | FhkT| ^ +  |Fhkl |  " S  27Thu
cos  2 ^  kv cos  2 TT Iw + [ | F h k T f  -  l ^ h k l l ^ }
s i n  2T7 hu cos  2 TT kv s i n  2 TT Iw. (7)
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The t h r e e  d i me n s i o n a l  P a t t e r s o n  s y n t h e s i s  was c a l c u l a t e d  f o r  
u from 0 . 0 0 - 1 . 0 0 ,  f or  v from 0 . 0 0 - 0 . 5 0  and f o r  w from 0 . 0 0 - 0 . 5 0  
w i t h  i n t e r v a l s  r e s p e c t i v e l y  o f  0 . 0 4 ,  0 . 0 2  and 0 . 0 2 .  Th i s  compr i s ed  t h e  
asymmetr i c  u n i t .
I n t e r p r e t a t  i on o f  t he  P a t t e r s o n  S y n t h e s  i s 
The symmetry of  t h e  P a t t e r s o n  s y n t h e s i s  i s  ?2/m' The s pace  
group f or  t r a n s - 1 , 3 - c y c I o b u t a n e d i c a r b o x y I  ic  a c i d  has been de t ermi ned  
P2 i / c >  a s p a c e  group wi t h  f our  e q u i v a l e n t  p o s i t i o n s .  The number of  
m o l e c u l e s  in t h e  u n i t  c e l l  has been c a l c u l a t e d  t o  be t wo .  Thus ,  t h e  
c e n t e r  of  symmetry o f  t he  m o l e c u l e  must c o i n c i d e  w i t h  t h e  c e n t e r  o f  
symmetry of  t he  s p a c e  group.  T h e r e f o r e ,  on l y  two oxygen and t h r e e  
carbon atoms must be l o c a t e d ,  as t h e  o t h e r  f i v e  atoms are  r e l a t e d  by 
a c e n t e r  o f  symmetry.  The f our  e q u i v a l e n t  p o s i t i o n s  in ^2 -1/ ^
x , y , z ;  x , y , z ;  x , l / 2 + y ,  l / 2 - z ;  and x ,  l / 2 - y ,  l / 2 + z .  (8)
The symmetry peaks  f o r  each atom a r i s i n g  from (8)  ar e :
u V w
(9) 2x 2y c e n t e r  o f  symmetry
(10) 2x 1/2 1/ 2+2z two f o l d  s c r e w a x i s  
(Marker s e c t i o n )
(11) 0 1/2  +  2y 1/2 c - g 1i de p i a n e
(Marker l i n e )
Thus a p l o t  o f  t h e  v e c t o r  d e n s i t y  v e r s u s  v at  w =  0 . 5  and 
u =  0  shows maxima from which one may c a l c u l a t e  t h e  v a l u e  o f  y .  Th i s  




. 50. 30 . 40.20P 10
F i g u r e  2 .  P l o t  o f  Ve c t o r  D e n s i t y  v e r s u s  v .  (Marker l i n e )
For  t he  p r e s e n t  s t r u c t u r e  t h i s  p l o t  pr ov i de d  a broad maximum 
at  V =  0 . 4 0 .  By formula (10)  t h e  v a l u e  o f  y i s  0 . 0 5 .  The v a l u e  
of  y and t h e  t y p e  p l o t  obs erved above i n d i c a t e  t h e  m o l e c u l e  l a r g e l y
I i e s  near  t h e  y =  0 p l a n e .
F i g u r e  3 ,  Model Chosen from t h e  P a t t e r s o n  S y n t h e s i s .
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The P a t t e r s o n  was i n t e r p r e t e d  by l ooki ng  f o r  t h e  f o l l o w i n g
O ,
f e a t u r e s :  A v e c t o r  of  2 . 6 5  A between 0  ̂ and Og ( Th i s  i n d i c a t e s  t ha t
i t  i s  r e l a t e d  t o  Og by a c e n t e r  of  symmetry)  and 0 2 ~ o (  ar e  e x pe c t e d  
as  t h e  r e s u l t  o f  two hydrogen bonded a c i d  groups  around a c e n t e r  of  
symmetry.  Fur t hermore ,  a s e t  o f  v e c t o r s  l y i n g  in one p l a n e  and wi t h  
a n g l e s  of  a p p r o x i ma t e l y  120® i s  e x p e c t e d  as  a r e s u l t  o f  t h e  carboxyl  
group i t s e l f .  O^-Cg and O2-C2 ( 2 . 3 5 - 2 . 4 0  A) and O-i-Og ( 2 . 2 5  A ) .  The 
l a s t  t h r e e  v e c t o r s  may be s e e n  in F i g u r e s  5 and 6 as maxima at  u ,  v ,  w 
c o o r d i n a t e s :  (a)  0 . 3 6 ,  0 . 0 8 ,  0 . 2 0 ;  (b) 0 . 0 3 ,  0 . 0 4 ,  0 . 2 8 ;  and (c)  0 . 6 7 ,
0 . 1 2 ,  0 . 0 8 .  These  de t e r mi ne  t he  r e l a t i v e  o r i e n t a t i o n  o f  t he  m o l e c u l e .  
The as s i gnme nt  of  peak d,  ( 0 . 2 5 ,  0 . 0 2 ,  0 . 3 4 ) ,  in F i g u r e  5 as  t h e
O1-O2 and 02“0^ peak d e t e r mi n e s  t h e  l o c a t i o n  o f  t h e  t h r e e  atoms .
For example:
. 3 6  =  X O ^ - X C g  ( 1 2 )
. 0 3  =  X O g - X C g  ( 1 3 )
. 3 3  = X 0 i - X 0 2  ( 1 4 )
. 25  =  (I-XO2 ) -  X°1 (15)
Formula (14)  and (15)  y i e l d  XO2 =  .21 and XÔ  =  . 5 4 .  I n s e r t i n g  t h e s e  
v a l u e s  in (12)  and (13)  g i v e s  XC2 =  . 1 8 .  The y and z c o o r d i n a t e s  
of  t h e s e  t h r e e  atoms can be c a l c u l a t e d  in a s i m i l a r  manner.  The l oc a ­
t i o n  of  t h r e e  atoms a u t o m a t i c a l l y  d e t e r mi n e s  t he  l o c a t i o n  o f  C ; , which  
i s  conf i rmed by peak e ( 0 . 1 4 ,  0 . 0 0 ,  0 . 1 8 )  in F i g u r e  5 .  The x ,  y 
and z v a l u e s  of  t h e s e  f our  atoms are  l i s t e d  in Ta b l e  1.  Al l  36  
v e c t o r s  which can be c a l c u l a t e d  from t h e s e  l o c a t i o n s  were obs e r ve d  in 
t h e  P a t t e r s o n  s y n t h e s i s .
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Table  1
C o o r d i n a t e s  of  Atoms Determi ned from P a t t e r s o n  S y n t h e s i s
Atom X y z
0] . 5 4 . 9 5 . 29
° 2 .21 . 0 7 . 3 7
Cl . 3 2 . 03 . 2 7
C2 . 1 8 . 03 . 0 9
C3 . 0 6 . 8 6 . 9 9
The l o c a t i o n  o f  Cg was more d i f f i c u l t . 8y c o n s i d e r a t i o n s  of
i t s  p r o b a b l e  l o c a t i o n  from t h e  mode l ,  t h e  p o s i t i o n  was o b t a i n e d .  The 
v e c t o r s  f o r  t h i s  atom were  weak but were  p r e s e n t .
2 . 3 6  I2 . 3 9  Â
F i g u r e  4 .  Model Used f o r  C a l c u l a t i o n  o f  V e c t o r s  f o r  
P a t t e r s o n  S y n t h e s i s
27 3
0 . 4 8
0 . 3 6
O
0 . 2 4
0.12
0.0
0 .0 0 .20 0 . 6 00 . 4 0 0 . 8 0
F i g u r e  5 .  P a t t e r s o n  S y n t h e s i s .  A r b i t r a r y  s c a l e .  v = 0 . 0 2 .  
Cont ours  on 2 0 0 ,  e x c e p t  at  t h e  o r i g i n .
. 48
0 . 3 6
0 . 2 4
0 .1 2
0.0
0.200.0 0 . 4 0 0 . 6 0 0 . 8 0
F i g u r e  6 .  P a t t e r s o n  S y n t h e s i s .  A r b i t r a r y  s c a l e .  v = 0 . 0 8 .  
Contours  on 2 0 0 ,  e x c e p t  at  t h e  o r i g i n .
V e c t o r s
2 7 4  
T a b l e  2
























































Table 2— (Cont i nued)
V e c t o r s  u v w
Og-C^ .89 .04 .10
. 4 7  . 1 0  . 3 6
. 5 3  . 4 6  . 1 4
. 1 1  . 4 0  . 4 0
O2 —C 2  . 0 3  . 0 4  . 2 3
. 3 9  . 1 0  . 4 6
. 6 1  . 4 6  . 0 4
. 9 7  . 4 0  . 2 2
0 1 - C g  . 4 8  . 0 9  . 3 0
. 6 0  . 1 9  . 2 8
. 4 0  . 4 1  . 2 2
. 5 2  . 3 1  . 2 0
0 2 - C 3  . 1 5  . 2 1  . 3 8
. 2 7  . 0 7  . 3 6
. 7 3  . 2 9  . 1 4
. 8 5  . 4 3  . 1 2
C ^ - C ^  . 3 6  . 0 6  . 4 6
. 6 4  . 5 0  . 0 4
. -  . - 0 0  . 4 4  . 5 0
276
Table  2— (Continued)
V e c t o r s u V w
C , - C 2 . 1 4 . 0 0 . 1 8
. 5 0 . 0 6 . 3 6
. 5 0 . 5 0 . 1 4
. 8 6 . 4 4 . 3 2
0 , - 0 3 . 2 6 . 1 7 . 2 8
. 3 8 . 1 1 . 2 6
. 6 2 . 3 3 . 2 4
. 7 4 . 3 9 . 2 2
C2 - O 2 . 3 6 . 0 6 . 1 8
. 6 4 . 5 0 . 3 2
. 0 0 . 4 4 . 5 0
C2 - C 3 . 1 2 . 1 7 . 1 0
. 2 4 . 1 1 . 0 8
. 7 6 . 3 3 . 4 2
. 8 8 . 3 9 . 4 0
C3 - C 3 . 8 8 . 2 8 . 0 2
. 1 2 . 5 0 . 4 8
. 0 0 . 2 2 . 5 0
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C a l c u l â t  i on o f  S t r u c t u r e  F a c t o r s  
S t r u c t u r e  f a c t o r s  may be c a l c u l a t e d  by a r e l a t i o n  s u c h  a s  ( 1 6 ) ,  
w h i c h  h a s  b e e n  w r i t t e n  a s  two e x p o n e n t i a l  f a c t o r s ,  a g e o m e t r i c  and  a 
t e m p e r a t u r e  move me n t  p o r t i o n .  T h e  s c a t t e r i n g  f a c t o r s ,  i - ,  h a v e  b e e n  
p r e v i o u s l y  c a l c u l a t e d ,  a nd  t a b u l a t e d . '
I
22
Fh|<|  =  ^  f j  exp 2  7T i ( h x j + k y j + l z j )  exp  —  Bj s in^g/ - ; ; ^  ( 1 6 )
T h e  v a l u e s  o f  h ,  k ,  I ,  and  X j , y j ,  a n d  z j  a r e  f r o m t h e  P a t t e r s o n  
s y n t h e s i s  known f o r  e a c h  a t o m .  T h e  i n i t i a l  v a l u e s  f o r  B j ,  t h e  
i s o t r o p i c  t e m p e r a t u r e  p a r a m e t e r  f o r  e a c h  a t o m  was  a s s u m e d  t o  be  1 . 7 0 0 .  
F o r  a c e n t r o s y m m e t r i c  s p a c e  g r o u p ,  ( 1 6 )  r e d u c e s  t o :  
j / 2
F h k i  =  ^  f j,  c o s  2 T T ( h X j + k y j + I Z j  ) exp  —  Bj s i n ^ g / ^  ( 1 7 )
T h e  c h e c k  o f  t h e  c o o r d i n a t e s  d e t e r m i n e d  f r o m t h e  t r i a l  
s t r u c t u r e  wa s  made  by t h e  c a l c u l a t i o n  o f  s t r u c t u r e  f a c t o r s  and t h e  
r e s i d u a l ,  R:
R = ^ k o  -  F ,  I / ^ \ F o \ =  0 . 4 4  ( 1 8 )
w h e r e  t h e  F q a r e  t h e  o b s e r v e d  a n d  F^ t h e  c a l c u l a t e d  a m p l i t u d e s .
In p r a c t i c e  t h e s e  c a l c u l a t i o n s  w e r e  made  by t h e  p r o c e d u r e  o f  
v a n  d e r  He l m, ^ ® w h i c h  c l o s e l y  p a r a l l e l e d  t h e  wor k  o f  C r u i c k s h a n k . ^ ^
A l e a s t  s q u a r e s  r e f i n e m e n t  was  u s e d  t o  o b t a i n  t h e  c o o r d i n a t e  
a n d  t e m p e r a t u r e  p a r a m e t e r  s h i f t s .  T h i s  p r o c e d u r e  h a s  b e e n  d e s c r i b e d  by
L i p s o n  a n d  C o c h r a n . ^ 0
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E a r l y  r e f i n e m e n t s  w e r e  made on t h e  f i v e  c a r b o n  and  o x y g e n  a t o m s  
w i t h  i s o t r o p i c  t e m p e r a t u r e  p a r a m e t e r s .  A f t e r  f i v e  r e f i n e m e n t s  t h e  
R v a l u e  had  s t a b i l i z e d  a t  a b o u t  0 . 3 4 .  The  l o g i c a l  r o u t i n e  o f  t h e  p r o ­
g r am was  c h a n g e d  t o  i n c l u d e  r e f l e c t i o n s  w i t h  l o w e r  Fp v a l u e s ,  and  
a f t e r  e i g h t  mor e  r e f i n e m e n t s  t h e  R v a l u e  had  d e c r e a s e d  t o  a p p r o x i ­
m a t e l y  0 . 2 4 ,  and  s t a b i l i z e d .
At  t h i s  p o i n t  a n i s o t r o p i c  t e m p e r a t u r e  f a c t o r s  w e r e  i n t r o d u c e d .  
Wi t h  n i n e  a d d i t i o n a l  r e f i n e m e n t s  t h e  R v a l u e  was  r e d u c e d  t o  0 . 1 6 .  
T h r e e  h y d r o g e n  a t o m s  w e r e  p u t  i n t o  t h e  s t r u c t u r e  a t  t h i s  p o i n t .
T a b l e  3
C o o r d i n a t e s  o f  H y d r o g e n  At oms *
Atom X y z
Hi . 3 1 3 0 . 1 2 3 0 . 0 2 1 0
H2 . 8 4 7 0 . 1 5 2 0 . 1 2 1 0
H3 . 8 9 0 0 . 2 2 9 0 . 9 4 3 0
♦The p o s i t i o n s  f o r  t h e  h y d r o g e n  a t o m s  w e r e  t a k e n  f r o m 
M a r g u l i s  a n d  F i s c h e r :  T .  N.  M a r g u l i s  and M. S .  F i s c h e r ,
J .  Chem. S o c . .  8 9 ,  223  ( 1 9 6 7 ) .
F o l l o w i n g  a c o m p l e t e  c h e c k  o f  t h e  d a t a ,  s e v e r a l  v a l u e s  f o r  t h e  
s t r u c t u r e  f a c t o r  i n p u t  w e r e  c o r r e c t e d  and  a few d u p l i c a t e  v a l u e s  w e r e  
r e m o v e d .  A f t e r  f o u r  r e f i n e m e n t s  t h e  R v a l u e  f e l l  t o  0 . 0 8 4 .
A t o t a l  o f  t w e n t y - e i g h t  r e f i n e m e n t  s t e p s  w e r e  c o n d u c t e d .
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T h e  F o u r ! e r  S y n t h e s i s  
By u s e  o f  t h e  p h a s e s  f r o m t h e  c a l c u l a t e d  F ^ ’ s  o n e  may 
c a l c u l a t e  t h e  e l e c t r o n  d e n s i t y  a t  any  p o i n t  i n  t h e  u n i t  c e l l  w i t h  a 
F o u r i e r  s y n t h e s i s .
k+ l  =  eve n
. O ^  mù
/ ^ ( x  y z)  =  4 / V  ^  ^  ^  F h k i  c o s  2 TÎ  ( hx  +  I z )
h=o k=0 1=0
( 19 )
c o s  217 ky -  F|^kT 2 T T  ( I z - h x )  c o s  2 T T  ky
k+ I =  odd
^  oO
P  (x y z)  =  4 / V  ^  ^  %  -  F h k i  s i n  2 ? T ( h x  +  I z )
' h=0  k=0 1=0
( 20 )
s i  n 2TTky +  F ^ ^ |  s i n  2  TT ( I z - h x )  s i n  2lTky
As in t h e  P a t t e r s o n  f u n c t i o n ,  t h e s e  e q u a t i o n s  a r e  p u t  i n t o  t h e  p r o d u c t  
f o r m ,  w h i c h  i s  mo r e  s u i t a b l e  f o r  c a l c u l a t i o n  on a c o m p u t e r .
By u s i n g  t h e  d i f f e r e n c e s  in t h e  F^ a n d  F q v a l u e s  o n e  c a n  
c a l c u l a t e  a d i f f e r e n c e  F o u r i e r  s y n t h e s i s ,  w h i c h  s h o w s  a n y  e r r o r s  o r  
o m i s s i o n s  in t h e  mode l  u s e d  t o  c a l c u l a t e  t h e  s e t  o f  F c ’ s .
0 . 4 0
0 . 3 0
0 .2 0
0.0
0.0 0.20 0 . 4 0 0 . 6 0C 0 . 8 0 1 .0 0
o
F i g u r e  7 .  C o m p o s i t e  d r a w i n g  o f  F o u r i e r  S y n t h e s i s  
C o n t o u r s  on 2 . 0  e l e c t r o n s  p e r
0 . 4 0
0 . 3 0
0.20
10
0 . 6 0 0 , 8 00 . 4 0 1 .0 00.20
F i g u r e  8 .  C o m p o s i t e  d r a w i n g  o f  d i f f e r e n c e  F o u r i e r
S y n t h e s i s .  C o n t o u r s  on 0 . 2 5  e l e c t r o n s  p e r  
D o t t e d  l i n e s  r e p r e s e n t  n e g a t i v e  v a l u e s .
P .
28 2
T h e  t h r e e  d i m e n s i o n a l  F o u r i e r  and  d i f f e r e n c e  F o u r i e r  s y n t h e s e s  
w e r e  c a l c u l a t e d  f o r  x f r o m 0 . 0 0 - 1 . 0 0 ,  f o r  y f r o m  0 . 0 0 - 0 . 5 0 ,  a n d  f o r  
z f r o m 0 . 0 0 - 0 . 5 0  w i t h  i n t e r v a l s  r e s p e c t i v e l y  o f  0 . 0 4 ,  0 . 0 2 ,  a n d  0 . 0 2 .
T h i s  c o m p r i s e d  t h e  a s y m m e t r i c  u n i t .
Th e  d i f f e r e n c e  F o u r i e r  s y n t h e s i s  was  c a l c u l a t e d  f o r  t h e  t h r e e
h y d r o g e n  a t o m s  a l r e a d y  i n c l u d e d  in t h e  s t r u c t u r e ,  a s  w e l l  a s  t h e  f o u r t h
h y d r o g e n  a t o m ,  w h i c h  was  p r e v i o u s l y  n o t  l o c a t e d .  Th e  t h r e e  h y d r o g e n s
w e r e  f o u n d  t o  be i n  t h e  c o r r e c t  l o c a t i o n  a nd  had  e l e c t r o n  d e n s i t i e s  o f  
0 ̂
0 . 6 - 0 . 7  e l e c t r o n s  A. ,  a t  t h e i r  r e s p e c t i v e  m a x i m a .  Th e  c o o r d i n a t e s  o f  
t h e  c a r b o x y l  h y d r o g e n  ( a s  d e t e r m i n e d  f r o m t h e  d i f f e r e n c e  F o u r i e r  s y n t h e s i s  
a r e  ( . 3 8 ,  . 0 6 ,  . 5 8 ) .  Th e  e l e c t r o n  d e n s i t y  a t  i t s  maximum was  s l i g h t l y  
l e s s  t h a n  t h a t  f o r  t h e  o t h e r  t h r e e  a t o m s ,  p o s s i b l y  b e c a u s e  o f  t h e  l a r g e  
a n i s o t r o p i c  t e m p e r a t u r e  f a c t o r  a s s o c i a t e d  w i t h  t h i s  a t o m .
T h e  F o u r i e r  s y n t h e s i s  was  p e r f o r m e d  f o r  t h e  f i v e  c a r b o n  and 
o x y g e n  a t o m s .  A l l  a t o m s  w e r e  shown t o  be  in t h e  p r o p e r  l o c a t i o n .
C o m p o s i t e  d r a w i n g s  o f  t h e  d i f f e r e n c e  F o u r i e r  a n d  F o u r i e r  s y n t h e s e s  
a r e  f o u n d  in F i g u r e s  7 and  8 .
P r o g r a m s
Mos t  o f  t h e  c o m p u t a t i o n s  n e c e s s a r y  f o r  t h i s  wo r k  w e r e  d o n e  on
IBM 1 6 2 0 ,  1 4 1 0 ,  a n d  3 6 0  c o m p u t e r s ,  l a r g e l y  w i t h  p r o g r a m s  p r o v i d e d  by Dr .
D.  v a n  d e r  Hel m a n d  h i s  r e s e a r c h  g r o u p .  The  f o l l o w i n g  p r o g r a m s  w e r e  u s e d ;
A g o n i o s t a t  s e t t i n g  p r o g r a m  u s e d  t h e  v a l u e s  f o r  t h e  c e l l  p a r a m e t e r s  
a n d  s p a c e  g r o u p  d a t a  t o  c a l c u l a t e  n u m e r i c a l  v a l u e s  o f  2 t h e t a ,  c h i  a n d  
ph i  f o r  e a c h  s e t  o f  h k I v a l u e s .  T h i s  p r o g r a m ,  s i m i l a r  t o  t h a t  o f
J o h n s o n , 31 was  w r i t t e n  by P .  S c h a p i r o ,  and  was  r u n  on an IBM 1410
c o m p u t e r .
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T h e  L.  P .  p r o g r a m  r e q u i r e d  d a t a  f r o m t h e  i n t e n s i t y  m e a s u r e m e n t s  
and  ma de  L o r e n t z - p o 1a r i z a t i o n  c o r r e c t i o n s .  I t  t h e n  a s s i g n e d  m u l t i p l i ­
c i t i e s ,  c a l c u l a t e d  s c a t t e r i n g  f a c t o r s  and p r o v i d e d  o u t p u t  w h i c h  was  u s e d  
f o r  a P a t t e r s o n  s y n t h e s i s  and  f o r  s t r u c t u r e  f a c t o r  c a l c u l a t i o n s .
T h e  s t r u c t u r e  f a c t o r s  a n d  l e a s t  s q u a r e s  t r e a t m e n t s  w e r e  c a l c u ­
l a t e d  by t h e  p r o g r a m  o f  van  d e r  H e l m . 28
T h i s  m e t h o d  c a l c u l a t e s  t h e  c o n t r i b u t i o n s  o f  t h e  a t o m s  in t h e  
a s y m m e t r i c  u n i t  o f  t h e  u n i t  c e l l  w i t h  t h e  b a s i c  s t r u c t u r e  e q u a t i o n  o f  
P- | ,  w h i l e  e a c h  g r o u p  o f  s y m m e t r y  r e l a t e d  a t o m s  i s  s i m u l a t e d  w i t h  a s e t  
o f  e q u i v a l e n t  i n d i c e s ,  by me a n s  o f  a m a t r i x  a n d  in t h e  c a s e  o f  a s c r e w  
a x i s  o r  g l i d e  p l a n e  w i t h  an  a d d i t i o n a l  t r a n s l a t i o n  v e c t o r .  E a c h  s e t  
o f  i n d i c e s  i s  s u b s t i t u t e d  in t h e  b a s i c  f o r m u l a  a n d  t h e  c o n t r i b u t i o n s  
a r e  a d d e d  t o  g i v e  t h e  s t r u c t u r e  f a c t o r  f o r  t h e  e n t i r e  u n i t  c e l l .
T h i s  p r o g r a m  p r o v i d e s  t h e  p h a s e s  f r o m w h i c h  o n e  may ma ke  a 
F o u r i e r  s y n t h e s i s .
T h e  p r o g r a m  u s e d  f o r  t h e  F o u r i e r  and  P a t t e r s o n  s y n t h e s e s  was  
w r i t t e n  by 0 .  v a n  d e r  He l r r P^  and  m o d i f i e d  by G.  S .  D.  K i n g ^ ^  f o r  c a r d  
i n p u t  a n d  o u t p u t .
B e c a u s e  o f  t h e  l i m i t e d  s t o r a g e  o f  t h e  IBM 1620  c o m p u t e r ,  t h e  
p r o g r a m  ma k e s  t h e  n e c e s s a r y  s u m m a t i o n s  in s e c t i o n s .  C a l c u l a t i o n s  a r e  
ma de  f o r  one  s e c t i o n ,  a n d  t h e  d a t a  m u s t  be  r e i n t r o d u c e d  f o r  s u b s e q u e n t  
s e c t i o n s .  Th e  f i r s t  sum i s  c a l c u l a t e d  o v e r  h f o r  e a c h  s e t  o f  kI 
v a l u e s ,  f o r  a p a r t i c u l a r  v a l u e  o f  x f o r  e a c h  s e c t i o n .  T h e s e  v a l u e s  
a r e  u s e d  in t h e  s e c o n d  s u m m a t i o n  ma de  o v e r  k f o r  t h e  r e q u i r e d  v a l u e s  
o f  y .  The  t h i r d  sum i s  f o r  t h e  v a l u e s  o f  z f o r  t h e  s e c t i o n  and  i s
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o v e r  I.  Th e  s u m m a t i o n  s e q u e n c e  c a n  be  i n t e r c h a n g e d  by an a p p r o p r i a t e  
c h a n g e  in t h e  i n p u t  c a r d s .
A p r o g r a m  f o r  t h e  c a l c u l a t i o n  o f  a c c u r a t e  c e l l  p a r a m e t e r s  and  
t h e i r  e s t i m a t e d  s t a n d a r d  d e v i a t i o n  was  r u n  on t h e  IBM 3 6 0  c o m p u t e r .
T h e  i m p o r t a n t  p l a n e s  o f  t h e  m o l e c u l e  w e r e  c a l c u l a t e d  w i t h  a 
l e a s t  s q u a r e s  p r o g r a m  w h i c h  m i n i m i z e s  t h e  sums  o f  t h e  d e v i a t i o n s  o f  
p o i n t s  f r o m a p l a n e .  T h e  a b o v e  t wo p r o g r a m s  w e r e  w r i t t e n  a n d  p r o v i d e d  
by T .  W i l l o u g h b y .
I n t r a m o l e c u l a r  d i s t a n c e s  and  a n g l e s  w e r e  c a l c u l a t e d  by me a n s  
o f  a p r o g r a m  w r i t t e n  by W. F r a n k s .  I n t e r m o I  e c u  I a r  d i s t a n c e s  w e r e  
c a l c u l a t e d  by a p r o g r a m  w r i t t e n  by G.  S h e p h e r d .  T h e s e  p r o g r a m s  w e r e  
b o t h  a d o p t e d  f o r  a n d  r u n  on a n  IBM 3 6 0  c o m p u t e r .
T h e  v a l u e s  o f  B f o r  e a c h  a x i s  o f  t h e  e l l i p s o i d s ,  t h e  u n i t  
v e c t o r s  a n d  t h e  d i r e c t i o n  c o s i n e s  w e r e  c a l c u l a t e d  f r o m t h e  c e l l  
p a r a m e t e r s  a n d  t h e  a n i s o t r o p i c  t e m p e r a t u r e  p a r a m e t e r s ,  w i t h  a p r o g r a m  
w r i t t e n  by W. F r a n k s .  T h i s  p r o g r a m  was  r u n  on an IBM 3 6 0  c o m p u t e r .
F u r t h e r  r e f i n e m e n t  o f  t h e  d a t a  was  a c c o m p l i s h e d  w i t h  a p r o g r a m  
w r i t t e n  by Ahmed a n d  w o r k e r s  f o r  t h e  1 B M 3 6 0  c o m p u t e r . S e v e r a l  
a d d i t i o n a l  s t r u c t u r e  f a c t o r  a n d  l e a s t  s q u a r e s  c y c l e s  w e r e  p e r f o r m e d  
a n d  t h e  F o u r i e r  a n d  d i f f e r e n c e  F o u r i e r  s y n t h e s e s  w e r e  r u n .
CHAPTER IV 
DISCUSSION
T r a n s - 1 , 3 - c y c l o b u t a n e d i c a r b o x y l  i c  a c i d  c r y s t a l l i z e s  in t h e  
m o n o c l i n i c  s p a c e  g r o u p  w i t h  t wo  m o l e c u l e s  p e r  u n i t  c e l l .  As
m e n t i o n e d  p r e v i o u s l y ,  e a c h  m o l e c u l e  mu s t  be  c e n t r o s y m m e t r i c  s u c h  t h a t  
t h e  c e n t e r s  o f  s y mm e t r y  c o r r e s p o n d s  w i t h  t h e  c e n t e r s  o f  s y mme t r y  o f  
t h e  u n i t  c e l l .
Th e  c r y s t a l  c o n s i s t s  o f  l o n g  c h a i n s  o f  m o l e c u l e s  l i n k e d  by 
h y d r o g e n  b o n d e d  c a r b o x y l  g r o u p s  a r o u n d  c e n t e r s  o f  s y m m e t r y .
T h e  f i n a l  p a r a m e t e r s  o f  t h e  a t o m s  in t h e  a s y m m e t r i c  u n i t  
( 1 / 4  o f  t h e  u n i t  c e l l )  a r e  g i v e n  in t h e  f o l l o w i n g  t a b l e s .
T a b l e  4
C o o r d i n a t e s  o f  At oms  o f  A s y m m e t r i c  U n i t
Atom X y z
Ol . 5 5 3 4 . 9 6 1 6 . 2 9 2 3
O2 . 2 2 8 6 . 0 6 8 2 . 3 7 0 6
Cl . 3 2 2 3 . 0 2 9 8 . 2 5 9 6
C2 . 1 9 0 1 . 0 4 9 0 . 0 7 0 2
C3 . 0 8 3 1 . 8 7 8 0 . 9 7 9 9
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2 8 6
F i g u r e  9 .  T h e  C h a i n  S t r u c t u r e  o f  T r a n s - 1 , 3 - c y c I o b u t a n e -  
d i c a r b o x y l i c  A c i d  v i e w e d  a l o n g  Æ  I o j .  Th e  
c h a i n  o f  m o l e c u l e s  l i e s  a l o n g  / T  0  j j .
2 8 7
T a b l e  5
S t a n d a r d  D e v i a t i o n s  o f  C o o r d i n a t e s  o f  A tom s ( XIO^)
Atom X y ■z
° 1
6 5 4
02 6 4 3
Cl 7 4 4
C2 7 4 4
C3 7 5 5
T h e  s i g n i f i c a n t  a n g l e s  o f  t h e  a s y m m e t r i c  u n i t  w e r e  c a l c u l a t e d .  
T h e  r e s u l t s  a r e  l i s t e d  i n  T a b l e  6 .
Th e  bond  l e n g t h s  in many c y c l o b u t a n e s  a r e  s l i g h t l y  l o n g e r  t h a n  
t h e  v a l u e s  f o r  t h e s e  b o n d s  in a c y c l i c  c o m p o u n d s .  M a r g u l i s  h a s  r e p o r t e d  
t h o s e  o f  t r a n s - 1 , 3 - c y c I o b u t a n e d i c a r b o x y I i c  a c i d  a r e  s o me w h a t  l e n g t h e n e d  
( a v e r a g e  1 . 5 5 5  +  0 . 0 0 5 ) .  Th e  v a l u e s  o f  t h e  p r e s e n t  s t u d y  ( a v e r a g e
O
1 . 5 4 2  +  0 . 0 0 4  A) do n o t  s how a s i g n i f i c a n t  l e n g t h e n i n g .  T h e s e  v a l u e s
0
a r e  c o m p a r e d  t o  t h e  a v e r a g e  C=C bond l e n g t h  o f  1 . 5 3 7  A.  g i v e n  by 
S u t t o n .
T h e  v a l u e s  f o r  t h e  l e n g t h  o f  t h e  c y c l o b u t a n e  C-C b o n d s  c a n  be
#
c o r r e c t e d  f o r  t h e r m a l  m o t i o n  r e s u l t i n g  in a n  i n c r e a s e  o f  0 . 0 0 5  A.
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T a b l e  6
A n g l e s  o f  M o l e c u l e  f o r  T r a n s - 1 , 3 - c y c l o b u t a n e d i c a r b o x y l i c  A c i d
A n g l e D e g r e e s
0 ] - C - | - 0 2 1 2 3 . 1 5
O1 - C 1 - C 2 1 1 2 . 3 4
0 2 - 8 1 - 8 2 1 2 4 . 5 0
8 1 - 8 2 - 8 3 1 1 3 . 2 8
8 3 - 8 2 - 8 3 8 9 . 9 9
8 3 - 8 3 - 8 2 : 9 0 . 0 1
8 1 - 8 2 - 8 3 1 1 5 . 9 2
C 1 - 8 2 - H 1 1 0 6 . 4 8
8 3 - 8 3 - 8 3 1 1 6 . 6 4
H i - 8 2 - 8 3 1 1 1 . 9 6
C2 - C 3 - H 2 1 1 3 . 3 5
H1 - 8 2 - 8 3 1 1 9 . 0 2
H2 - 8 3 - H 3 1 0 6 . 3 5
28 9
T a b l e  7 
Bond L e n g t h s *
Bond L e n g t h
i l )
O i - C i 1 . 3 1 9
° 2 - : i 1 . 2 0 3
C 1- C 2 1 . 4 9 8
C2 - C 3 1 . 5 5 2
C2 - C 3 1 . 5 3 1
H1 - C 2 1 . 0 5 2
H2 - C 3 1 . 0 3 0
H3 - C 3 1 . 0 3 0
*The  s t a n d a r d  d e v i a t i o n  o f  a l l  C-C a n d  0 - 0  b o n d s  i s  
+  0 . 0 0 4  A ( u n c o r r e c t e d ) .
2 9 0
Ol
1 . 3 1 9
1 . 0 5 2
1 . 2 0 3
1 . 0 3 1
1 . 0 3 L 1 . 531
1 2 3 . 2  
1 2 4 . 4  ^
1 0 6 . 5
1 1 3 . 31 0 6 . 4
1 1 6 .
1 1 3 . 1 k
9 0 . 0
9 0 .
112.0
F i g u r e  1 0 .  Bond L e n g t h s  and  A n g l e s  o f  t r a n s - 1 . 3 -  
c y c l o b u t a n e d i c a r b o x y l i c  A c i d .
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T a b l e  8
S e l e c t e d  I n t r a m o l e c u l a r  D i s t a n c e s
At o ms DI s t a n c e  
(&)
O2 -C2 2.392
° r ° 2 2 . 2 1 8
O i - C g 2 . 3 4 1
Oi-H] 2 . 5 3 7
C ^ - C s 2 . 5 4 6
H l - H g 2 . 7 8 4
C a - H , 2 . 2 5 7
0 2 - C 3 2 . 8 7 4
Ci-c( 4 . 6 2 4
C3 - C 3/ 2 . 1 8 0
Cg-c/ 2 . 1 8 0
C1 - H 2 ' 2 . 6 7 0
2 9 2
T h e  e q u a t i o n s  f o r  p l a n e s  w i l l  be  g i v e n  in t h e  f o l l o w i n g  f o r m :
m^x +  mgy +  m^z =  d ( 2 1 )
w h e r e  d i s  t h e  d i s t a n c e  in A n g s t r o m s  f r om t h e  o r i g i n  and  x ,  y ,  a n d  z 
a r e  f r a c t i o n a l  c o o r d i n a t e s . * *
T h e  e q u a t i o n  f o r  t h e  p l a n e  o f  t h e  c y c l o b u t a n e  r i n g  i s :
2 . 1 0 9  X +  2 . 6 8 7  y  -  7 . 5 8 8  z =  0 
a n d  t h e  e q u a t i o n  f o r  t h e  p l a n e  o f  t h e  c a r b o x y l  g r o u p  i s :
2 . 1 7 9  X +  7 . 1 7 7  y -  0 . 7 4 1  z =  0 . 7 1 6
( 22 )
( 2 3 )
- . 0 0 2 5
U2
-.0022 + . 0 0 7 7
- . 0 0 3 0
F i g u r e  1 1 .  T h e  D e v i a t i o n s  o f  At oms  f r o m p l a n e  
o f  C a r b o x y l  G r o u p .
The  a t o m  C3  ( 0 . 0 8 3 1 ,  0 . 1 2 2 0 ,  0 . 0 2 0 1 )  i s  a b o u t  0 . 0 4  A o u t  o f  
t h e  p l a n e  o f  t h e  a c i d  g r o u p .
Th e  e q u a t i o n  o f  t h e  p l a n e  o f  t wo  c a r b o x y l  g r o u p s  h y d r o g e n  
b o n d e d  a r o u n d  a  c e n t e r  o f  s y m m e t r y  i s :
* * C a l c u l a t i o n s  ma de  by D r .  D i c k  v a n  d e r  He l m.
,2 9 3
F i g u r e  1 2 .  A n g l e  b e t w e e n  P l a n e s  o f  C a r b o x y l  and 
C y c l o b u t a n e  R i n g s .
2 . 1 7 7  X +  7 . 1 7 8  y -  0 . 7 5 0  z =  0 . 7 1 4 ( 2 4 )
The  d e v i a t i o n s  o f  t h e  e i  g h t  a t o m s  a r e  a l s o  s l i g h t  in t h i s  c a s e ,  w h i c h  
i n d i c a t e s  p l a n a r i t y  o f  t h e  r i n g  f o r me d  by t h e  t wo  a c i d  g r o u p s .
- . 0 0 3 7 + . 0 0 4 4
0 0 7 2- .0 0 0
- . 0 0 4 4
- . 0 0 7 2
+ . 0 0 3 7
F i g u r e  1 3 .  D e v i a t i o n s  f r om P l a n e  o f  R i n g  For med  by 
H y d r o g e n  Bonded  A c i d  G r o u p .
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D i s t a n c e
(A)
Re l a t e d
By
Ol O2 2.649 (a) ( 1/ 2 , 0 , 1/ 2 )
Ol c( 3.502 (a) (1/2,0,1/2)
Ol of 3.983 (b) (1/2,0 ,1/4)
Ol 3.560 (b) ( 1/ 2 , 0 , 1/ 4 )
Ol C< 3.495 (b) (1/2,0,1/4)
O l _ °2 3.687 (b) (1/2,0 ,1/4)
02 Ol 2.649 (a) (1/2,0 ,1/2)
02 O2 4.728 (b) ( 1/ 2 , 0 , 1/ 4 )
O2 Cf 4.661 (b) ( 1/ 2 , 0 , 1/ 4 )
O2 C2 4.847 (b) ( 1/ 2 , 0 , 1/ 4 )
O2 C3 3.390 (c)
O2 _ _ 0 2 3.443 (c )
Cl O2 3.292 "(aT(0,0,0)
Cl Ol 4.394 (b) (1/2,0,1/4)
Cl cl 4.414 (b) (1/2,0,1/4 )
C2 ° 2 4.750 (b) (1/2,0,1/4 )
C2 C3 4.144 (d)
(a) Ce nt e r  of  symmetry
(b) Two f o l d  s c r e w a x i s
(c) Gl i de pl ane para Me l  t o  c a x i s
(d) T r a n s l a t t o n a l o ng  a a x i s
Note : Only t he  c l o s e s t d i s t a n c e s  are 1i s t e d .
295





D i s t a n c e
(A)
R e l a t e d
By
•^3 O2 3 . 7 4 5 ( c )
C3 4 . 3 1 9 ( d )
C3 c i 4 . 0 6 3 ( c )
•^3 C3 3 . 8 3 1 ( d)
( a ) C e n t e r  o f  s y m m e t r y
( b ) Two f o l d  s c r e w  a x i s
( c ) G l i d e  p l a n e  p a r a  11e 1 t o  c ax i s
( d )  T r a n s l a t i o n  a l o n g  a a x i s .
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F i g u r e  14,  IntermoI ecu Iar D i s t a n c e s  in Uni t  Ce l l  or  
t r a n s - 1 , 3 - c y c I o b u t a n e d  i c a r b o x y l i c  ac i d
2 9 7
The  a t o m s  o f  t r a n s - 1 , 3 - c y c I o b u t a n e d  i c a r b o x y I i  c a c i d  h a v e  a 
r a t h e r  l a r g e  a n i s o t r o p i c  t e m p e r a t u r e  m o v e m e n t .  P a r t  o f  t h e  p u r p o s e  o f  
t h i s  s t u d y  was  t o  d e t e r m i n e  t h e  n a t u r e  and m a g n i t u d e  o f  t h i s  e f f e c t .  
The  a n i s o t r o p i c  t e m p e r a t u r e  f a c t o r s  a n d  t h e i r  s t a n d a r d  d e v i a t i o n s  a r e  
l i s t e d  b e l o w .
T a b l e  10
A n i s o t r o p i c  T e m p e r a t u r e  P a r a m e t e r s
Atom P 11  p i  2 P l 3 P 2 2 p 2 3 P33
Ol . 0 3 3 4  . 0 2 4 3 . 0 0 2 6 . 0 3 5 3 - . 0 0 2 8 . 0 1 1 8
O2 . 0 3 8 5  . 0 1 7 1 . 0001 . 0 2 8 0 . 0 0 0 3 . 0 1 0 0
Cl . 0 2 7 7  . 0 0 1 6 . 0 0 3 3 . 0 1 5 0 - . 0 0 2 1 . 0 1 0 7
02 . 0 3 1 5  - . 0 0 2 6 . 0 0 4 7 . 0 1 4 7 . 0 0 1 7 . 0 0 9 7  -  -
C3 . 0 3 7 0  . 0 1 0 2 . 0 0 1 4 . 0 1 4 5 - . 0 0 2 8 . 0 1 1 0
T a b l e  11
S t a n d a r d  D e v i a t i o n s o f  A n i s o t r o p i c  T e m p e r a t u r e  P a r a m e t e r s  
(X 104)
Atom pi  1 p 2 2 ? 3 3 P 2 3 P l 3 Pi  2
Ol 9 6 4 7 8 11
O2 9 5 3 6 8 10
9 4 4 7 10 10
O2 10 4 4 6 9 10
03 11 4 4 7 10 n
29 8
T h e  s i x  a n i s o t r o p i c  t e m p e r a t u r e  f a c t o r s  f o r  e a c h  a t o m  a l l o w  t h e  
t e m p e r a t u r e  move ment  f o r  e a c h  a t o m t o  be d e s c r i b e d  by an  e l l i p s o i d .  I t
i s  p o s s i b l e  t o  d e t e r m i n e  t h e  t h r e e  m a i n  a x e s  o f  t h e s e  e l l i p s o i d s  and  
t h e s e  a r e  g i v e n  f o r  e a c h  a t o m i n  t h e  t a b l e  b e l o w .  In a d d i t i o n ,  t h e  
c o m p o n e n t s  o f  t h e  u n i t  v e c t o r  o f  e a c h  a x i s  a re  g i v e n  w i t h  r e s p e c t  t o  
t h e  r e a l  a x e s  o f  t h e  c r y s t a l  s y s t e m .  T h e  v a l u e s  l i s t e d  f o r  e a c h  B a r e
t h e  v a l u e s  nj  in t h e  e q u a t i o n :
n  ̂ =  n^ 3 +  n2  ? +  ng ( 2 5 )
w h e r e  | n |  | n |  =  1 .
Th e  q u e s t i o n  o f  p l a n a r i t y  v e r s u s  p u c k e r i n g  f o r  c y c l o b u t a n e  
s y s t e m s  h a s  b e e n  t h e  s u b j e c t  o f  many s t u d i e s .  In a t  l e a s t  o n e  c a s e  
i n v o l v i n g  a n o n - p l a n a r  c y c l o b u t a n e  t h e  q u e s t i o n  h a s  b e e n  r a i s e d  a s  t o  
w h e t h e r  t h e  n o n p l a n a r i t y  i s  ’’s t a t i c "  o r  " d y n a m i c . "  T h e  a b o v e  s t u d y  was  
d o n e  on c y c l o b u t a n e  i n  t h e  g a s  p h a s e ,  and t h e  " d y n a m i c "  h y p o t h e s i s  
a p p e a r s  t o  h a v e  some  p o s s i b i l i t y . 1 8 » 13
In t h e  c a s e  o f  t h e  c h i o r o i r o n  d e r i v a t i v e  o f  t e t r a p h e n y I p o r p h i ne  
an u n u s u a l l y  l a r g e  t e m p e r a t u r e  move me n t  was  e x p l a i n e d  by l o c a t i n g  h a l f  
i r o n  a t o m s  and  t wo  s e t s  o f  h a l f  o x y g e n  a t o m s  on b o t h  s i d e s  o f  t h e  p l a n e  
r a t h e r  t h a n  in t h e  p l a n e . 14
Th e  p o s s i b i l i t y  o f  a p u c k e r e d  c y c l o b u t a n e  r i n g  i n  t r a n s - 1 . 3 -  
c y c l o b u t a n e d i c a r b o x y I  i c  a c i d  s u c h  t h a t  t h e  p u c k e r i n g  was  e q u a l l y  l i k e l y  
in t wo  d i r e c t i o n s  was  c o n s i d e r e d .
I t  i s  r e a d i l y  shown w i t h  m o d e l s  t h a t  o n l y  o n e  p u c k e r i n g  i s  
p o s s i b l e .  Mov i ng  a t o m s  3 a n d  3^  h a s  an i d e n t i c a l  e f f e c t  t o  mo v i n g  2 
a n d  2 ^ .  . .
2 9 9
T a b l e  12
V a l u e s  o f  B a n d  U n i t  V e c t o r s ( R e a 1)
Atom B U n i t V e c t o r s
Ol 9 . 5 9 6 . 0 6 4 . 1 1 7 - . 0 1 1
3 . 5 6 2 - . 1 0 6 . 0 4 6 . 0 7 0
2 . 4 8 7 . 1 4 5 - . 0 1 8 . 1 0 7
02 7 . 5 6 0 . 0 7 7 . 1 1 5 - . 0 0 1
3 . 8 4 8 . 1 5 4 - . 0 5 4 - . 0 2 0
2 . 3 7 4 . 0 8 3 - . 0 0 7 . 1 2 7
Cl 3 . 9 9 2 . 0 8 5 . 0 9 3 - . 0 4 5
3 . 3 6 6 - . 1 1 3 . 0 8 5 . 0 3 2
2 . 3 0 5 . 1 2 8 . 0 1 3 . 1 1 6
C2 4 . 0 8 2 . 1 2 6 - . 0 7 7 - . 0 2 8
3 . 3 5 4 . 1 1 0 . 1 0 0 - . 0 0 4
2 . 2 5 1 . 091 - . 0 1 3 . 1 2 5
C3 5 . 4 2 1 - . 1 3 5 - . 0 6 2 . 0 3 5
2 . 9 7 8 - . 0 7 9 . 111 . 0 1 6
2 . 4 2 2 . 1 1 0 . 0 0 3 . 1 2 2
3 0 0
T a b l e  13
D i r e c t i o n  C o s i n e s  f o r  A n i s o t r o p i c T e m p e r a t u r e  Movement s
At om D i r e c t  i on Cos  i ne
°1 . 3 7 9 . 921 - . 1 9 4
- . 7 5 2 . 3 6 2 . 7 4 5
. 5 3 5 - . 1 4 3 . 6 3 5
° 2 . 4 2 9 . 9 0 2 - . 1 1 3
. 8 8 9 - . 4 2 6 - . 4 1 4
. 1 4 9 - . 0 5 5 . 8 9 7
Cl . 5 7 6 . 7 3 5 - . 5 0 9
- . 6 9 7 . 6 6 9 . 4 4 5
. 421 . 1 0 3 . 7 3 4
C2 . 961 - . 6 0 7 - . 4 3 7
. 6 1 5 . 7 8 6 - . 2 1 6
. 1 9 6 - . 1 0 9 . 8 7 7
C3 - . 8 2 5 - . 4 8 9 . 5 0 8
- . 4 7 2 . 8 7 1 . 2 6 2
. 3 0 4 . 0 2 5 . 8 1 8
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F i g u r e  15 .  Random D i s t r i b u t i o n  o f  Two P o s s i b l e
P u c k e r e d  F o r ms  o f  t r a n s - 1 , 3 - c y c 1o b u t a n e -  
d i c a r b o x y l i e  A c i d
P r e l i m i n a r y  c a l c u l a t i o n s  i n d i c a t e  t h a t  t h e  a n i s o t r o p i c  move ment  
i s  l a r g e l y  p e r p e n d i c u l a r  t o  t h e  p l a n e  o f  t h e  c a r b o x y l  g r o u p s ,  e s s e n t i a l l y  
e x c l u d i n g  a n y  c o n t r i b u t i o n s  f r o m p u c k e r e d  s t r u c t u r e s .
T a b l e  14
A n g l e s  F o r me d  B e t w e e n  Mai n  B A x i s  a n d  P e r p e n d i c u l a r  t o  P l a n e
o f  C a r b o x y l  Gr o u p *
A c i d Angl  e At  C a r b o x y l  
At om
T r a n s - 1 , 3 - c y c l o b u t a n e d i c a r b o x y l i c  a c i d 9 0  4 3  T Ol
O' O2
G i s - 1 , 2 - c y c 1o b u t a n e d I c a r b o x y 1 i c  a c i d 1 7 '  4 0 ’ Ol
13» 35* 02
13» 5 5 ’ 09
22» 3 0 ’ 0 1 0
♦The s t r u c t u r e  o f  t h e  c i s - 1 , 2 - d i a c i d  h a s  b e e n  d e t e r m i n e d  
by J .  S i ms  and  D.  v a n  d e r  He l m.
3 0 2
In c i s - T , 2 - c y c I o b u t a n e d  i c a r b o x y  I i  c a c i d  t h e  m a i n  a x e s  f o r  t h e  o x y g e n  
a t o m s  a r e ;  6 . 1 4 7 ,  8 . 6 7 3 ,  9 . 5 8 0 ,  and  8 . 0 4 5
In t h i s  compound t h e  move me n t  i s  a l s o  e s s e n t i a l l y  p e r p e n d i c u l a r  
t o  t h e  p l a n e  o f  t h e  c a r b o x y l  g r o u p .  Th e  a n i s o t r o p i c  mo v e me n t  o f  
t e r e p h t h a l i c  a c i d  ( w h i c h  m u s t  be p l a n a r )  i s  n o t  a s  l a r g e  a s  t h a t  in 
t h e  e y e  I o b u t a n e d i c a r b o x y I i c  a c i d s  a b o v e .  The  p r i n c i p l e  a x e s  a r e :
5 . 7 8 5  a n d  4 . 9 0 1 .
Th e  d a t a  o f  t h e  p r e s e n t  s t u d y  a g r e e s  l a r g e l y  w i t h  t h a t  o f  
M a r g u l i s .  T h e  c e l l  d i m e n s i o n s  a n d  a n g l e s  a r e  w i t h i n  t wo  s t a n d a r d  
d e v i a t i o n s  o f  M a r g u l i s *  v a l u e s .
The  v a l u e s  o f  t h e  f r a c t i o n a l  c o o r d i n a t e s  ( x ,  y ,  a n d  z )  a s  w e l l  
a s  a l m o s t  a l l  t h o s e  f r o m t h e  a n i s o t r o p i c  t e m p e r a t u r e  p a r a m e t e r s  ( a  f ew 
a r e  a s  g r e a t  a s  f i v e  s t a n d a r d  d e v i a t i o n s  d i f f e r e n t ) ,  f a l l  w i t h i n  t h r e e  
s t a n d a r d  d e v i a t i o n s .
Mo s t  bond l e n g t h s  a n d  a n g l e s  a g r e e  w i t h i n  t h r e e  s t a n d a r d  
d e v i a t i o n s  ( a s  c a l c u l a t e d  by M a r g u l i s ) .  M o r e o v e r ,  t h e  s t a n d a r d  d e v i ­
a t i o n  o f  M a r g u l i s *  v a l u e s  ( 0 . 0 0 5 - 0 . 006Â)  a r e  s o me w h a t  l a r g e r  t h a n  
t h o s e  o f  t h i s  s t u d y  ( 0 . 0 0 4  Â ) .  T h e  l o n g  b o n d s  r e p o r t e d  by M a r g u l i s  
a l m o s t  f a l l  w i t h i n  t h r e e  s t a n d a r d  d e v i a t i o n s  o f  t h e  **a v e r a g e * *  v a l u e ,  
and  t h e  l a r g e r  d i f f e r e n c e  i n  l e n g t h  o b s e r v e d  i s  p r o b a b l y  n o t  s i g n i f i ­
c a n t .
CHAPTER V
SUMMARY
T r a n s - 1 , 3 - c y c I o b u t a n e d  i c a r b o x y I i  c a c i d  c r y s t a l l i z e s  i n  t h e  
m o n o c l i n i c  s p a c e  g r o u p  P2 ^ y ^ ;  w i t h  t wo  m o l e c u l e s  p e r  u n i t  c e l l .  The  
m o l e c u l e  mu s t  be c e n t r o s y m m e t r i c  s u c h  t h a t  t h e  c e n t e r  o f  s y m m e t r y  o f  
t h e  m o l e c u l e  c o r r e s p o n d s  t o  t h e  c e n t e r  o f  s y m m e t r y  o f  t h e  u n i t  c e l l ,  and 
t h e  c y c l o b u t a n e  r i n g  i s  p l a n a r .
Th e  s t r u c t u r e  was  d e t e r m i n e d  f r o m a P a t t e r s o n  s y n t h e s i s .  Th e  
p o s i t i o n s  o f  t h e  a t o m s  w e r e  r e f i n e d  by t h e  l e a s t  s q u a r e s  m e t h o d  o f  van  
d e r  He l m,  and  t h e  r e s i d u a l  was  r e d u c e d  t o  a v a l u e  o f  0 . 0 8 4 .
The  r a t h e r  l a r g e  t e m p e r a t u r e  mo v e me n t s  p e r p e n d i c u l a r  t o  t h e  
p l a n e  o f  t h e  c a r y b o x y l  g r o u p s  a r e  l a r g e r  t h a n  t h o s e  o f  o t h e r  d i c a r ­
boxy  l i e  a c i d s ,  £ . £ . ,  t e r e p h t h a l i c  a c i d ,  b u t  a r e  a p p a r e n t l y  s i m i l a r  in 
o r i g i n .
3 0 3
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Th e  s t r u c t u r e  f a c t o r s  f o r  t h e  d e t e r m i n a t i o n  o f  t r a n s - 1 , 3 -  
c y c l  o b u t a n e d i c a r b o x y I i c  a c i d  a r e  l i s t e d  in t h e  f o l l o w i n g  a p p e n d i x .  
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APPENDIX B
The d a t a  was  f u r t h e r  r e f i n e d  u s i n g  t h e  p r o g r a m  o f  Ahmed and 
w o r k e r s , ^ ^  a f t e r  t w e n t y  r e f l e c t i o n s  w e r e  i n c l u d e d  w h i c h  w e r e  o m i t t e d  
in t h e  i n i t i a l  w o r k .  T h e s e  r e f l e c t i o n s  w e r e ;  1 2 2 , 1 3 3 , 1 3 2 , 0 3 8 ,  1 4 4 , 
1 4 2 , 2 2 1 ,  0 1 3 ,  2 1 0 ,  2 1 2 ,  2 3 1 ,  1 14 ,  0 0 2 ,  2 1 2 , 0 3 7 ,  2 2 5 ,  1 2 3 , 1 2 0 , 1 2 2 , 
and  2 0 6 .
The f i n a l  R v a l u e  was  0 .0 6 3 ,  a n d  t h e  c o o r d i n a t e s  o f  t h e  a t o m s  
a r e  l i s t e d  b e l o w .
Oi .5 5 2 3 - .0 3 8 6 .2 9 1 9
°2 .2 2 8 2 .0 6 7 9 .3 7 0 8
Cl .3 2 3 2 .0 2 9 4 .2 5 9 0
C2 .1 9 0 2 .0 4 8 6 .0 7 0 9
C3 .0 8 4 3 - .1 2 2 0 - .0 2 0 9
Hi .2 9 8 5 .1 0 1 3 .0 1 2 2
H2 .8 4 5 8 .1 4 3 7 . 1 1 3 6
H3 .8 8 6 4 .2 2 2 3 .9 4 1 8
H4 .3 7 6 4 .4 5 1 8 .0 7 5 7
The B v a l u e s  f o r  t h e h y d r o g e n  a t o m s  w e r e :
Hi 3 .9 3 0
H2 3 .6 6 4
3 2 0
321
H3 4 .3 5 2
H4  8 . 1 6 4
T h e  a n i s o t r o p i c  t e m p e r a t u r e  p a r a m e t e r s  w e r e :
B11 B2 2 B3 3 023 Bi 3 012
Ol .0 3 1 8 .0 3 3 4 .0 1 0 5 - .0 0 1 3 .0 0 2 9 .0 2 3 5
0 2 .0 3 6 3 .0 2 6 4 .0 0 9 2 - .0 0 0 9 .0 0 5 0 . 0 1 9 9
Cl .0 2 5 1 .0 1 3 3 .0 0 9 2 - .0 0 1 2 .0 0 1 8 - .0 0 0 1
C2 .0 2 7 5 .0 1 3 6 .0 0 8 0 .0 0 1 9 .0 0 3 2 - .0 0 0 3
Cq .0 3 0 0 .0 1 3 5 ,0 1 0 3 - .0 0 2 0 .0 0 0 3 .0 0 5 8
